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I. GENERAL INFORMATION

1. Applicstion

The range-only radar "Kvant' 1s designed for installetion, “ogetier -7 ih
sight ASP-SN or ASP-SND and permissible range computer VRD-2A, on jet fighveso.
The range-only radar ensures sutomatic and continuous determination :«

distance to the target and of relatlive rate of approach to the target.
The range rader "Kvant" operates in two modes:
"Mode A" -~ firing is done fram guns or with unguided rocket projectilizs. i
The renge finder feeds continuously to the sight computer voltage prosort.cia.
to the target gange end reimtive speed of the target.
"Mode B" -- launching of class air-to-sir homing missiles K-1i3. B
For this mode the range radsr ensures:
a./ Determinetion of present '&ange to the target and displeyring o sucl
information on the pilot's firing-renge indicator UD-1. i m
b/ Automstic comparison of present range with permissible range of K-ii iﬁ
rocket and providing launching permission signel-

v/ Signalizing the spproach of withdrawal-from-sttack range. i

2. Baslc Tactical-Technical Dsta

a. The range redar "Kvaut" determines the distance to aircraft-iargei.
in following ranges: from %00 to 3,000 meters for mode "A" and trom 00 i<

7,000 meters for mode "B"
50X1-HUM
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b. The renge redar feeds automatically voltage proportioral to the
distance to the target to _the' type ASP-SN sight computer (mose "A') o1
to the pointer range indicator "UD-1" (mode "B").
v. Range error does not exceed +i5 m for mode "A" and #100 m frr mcs-
g
8- Renge radar determines the rate of approach to the aircraf:- vers:-
(relative speed of the targe't) in a renge from +400 m/sec to ~10U m/szc, and
automatically feeds to the sight computer { mode taA" ) . Tor to pemmssihlie
range calculator (mode "t") a voltage proportional to relative velocity. ‘he
speed, when cloging in on the target, is positive.
d. The error of speed :Letemina{:ion does not exceed £ 15 .&/zec Jor
mode "A'; end * 85 m/sec for mode "B".
e. The range radar determines the instent for launching rocket K-13
. by comparing present-range voltage with permissible-rocket lsanching rang:
voltége ,: admitted from permissible range calculator VRD-2A.
zh. Renge re‘s;alutio:a of range-only radar is not less than 200 m. [P 4]
z. Dead zone of the radar is not greater then 300 m.
1. Directivity pattem of range-only radar at half-power in bota plaie:
is equal to 18° + 1° {or -2°) for mode "A" and 6° + 4O' for mode "B".
' k "Pulse poﬁer is 5 to T kw.
4. Duretion of high-frequency pulse is 0.5 + 0.05 microsec.
m. Operating frequency 9370 + 45 Mc.
' n. Pulse repetition rate 800 + 100 pps.
0. Sensitivity of raceiver circuit (mode "A") is 87 db for a raige «r

r

_ 2000 m and 68 db for a range of 500 m with reference to 1 millivatt.
e ‘ . 50X1-HUM
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p. Pull-out from attack range is 1000 to 1150 m.

r. Ceiling of the remge-only radar - 25000 m.

s. Power consumpticn of range rader from 115 v, 400 cps power iine 1:.
Iy To) -va; power consumpfion. in +27v circuit is 25 w when ambient temperatuzra
1s above 0°C and 130 w when temperature is below 0°c.

) tf Weight of "bhe i‘ange radar without intermediate cables is 30 g

u. The range radar. can operate; contimucusly for 6 Lrs.

f. Guaranteed service :ife of range radar is 500 actual flight aour:
on sn aircraft during e periocd of 3 years, 1f &ll regulation insvections

and maintenance work is observed in accordence with operational wanua:.

3. Range Redar Assembly

Thg assembly of the range redar "Kvent" designed For alrcrait MI-215°
comﬁrises the followlng units:

8. Combined antenna with waveguide line K-1 - GYa 2.060.00k 8p - 1 1iare

.'b. Receiving-transmitting unit RB6-2M GYa 2.000.02L Sp - i piece

v. Range-only redar receiver unit RB6-3 GYa 2.003.002 Sp - L plece

g. Power pack ﬁnit EB-6-4 GYa 2.087.004 8p - 1 piece

d. Speed indicator unit RB-6-5 CYa 2.002.005 8p - 1 piece

€. Control parel K-6 GYa 2.761.031 Sp - 1 piece

zhh. . Comparstor unit K-8 GYe 2.08§.Ol2 Sp - 1 ‘piece

z. Intermediste csble KK/21-F/GYa 4.853.165 Sp - 1 piece

i. Coaxial cable GYa.F.850.135 8p - 2 pieces

k. Control mechanism KK GYa 2.781.037 Sp - 1 piece

S-E-C-R-E-T
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. Bpeed calibrator for 5 assemblies, type "KS-2" GYa 2.761.021.8p and
control instruflant KPK GYa 2.T761.03T8p are part of the special control-tes-

., equipment of the range radar "Kvent."

IT. PRINCIFLE OF OPERATION AND b
INEERACTION OF INDIVIDUAL
COMPONENTS OF RANGE RADAR "KVANT"

1. Principle of Operation

The .principle of range radar operation is based on illwainetionofr a
given space zone by short-duration recurring electromagnetic palses, and
reception of such pulses after rePlection from & target located in the zon:

w Of ‘tllumiration.
| ‘The range redar "Kvant" determines the distance to the target by sut -
mgtic measuremeﬁt cf time intervel between the initistion of probing mlse
and the instant o.f arrival of pulée reflected from the target, Tig. 2.

The range redar "Kvent" is en autometic electronic device which :ioes
not require gttendence, except.for switching-on during tske-off and sviteir.ag-
off du.ring lending.
| Observe,tic;n of range radar "Kveni" performance in flight can be carri el
out by watching an aircraft-target flying in front; after target iock-on 1I»
the radar, a green lamp "lock-on" lights or; the sight head.

. For mode "A" operation,the manual feed of renge to the sight is iscci.-
nected 'at thi.s time (handie of gas sactor), and the size of outer cimcle :¢ =

the vision and target field is now changed only from the ranze radar.

S-E-C-R-E-T
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For the mode "B", the firing sight is set into position "fixed" ¢ “nenxi"};
at this time the illumineted mark occﬁpies & position corresponcing to diywa-
tion of éircraf‘t gun axis, end the pointer indicator UD-1 on the inst:umer-
board show sutomaticelly the distance between the aircrafts.

Thus, aiming is done at a staticnary mark, as on a collimstcr sirht.

SPFN 9 Relationship between the distance to the target, the welocity of alec-
tromagnetic wave propagation in free space and the time interwa: from the
moment of sending high-Trequency probing pulse to the instant or recestior

of :éulse reflected from the target 1s defined by the formila

£ = __2D
3

where: t - time intervel for high-frequency pulse to travel to the tdrget
and back; 2D - doubled ctis{:ance to the target, i.e., distance tc target ar?
back; 5 -~ velocity of electromagnetic wave Propagation, which is equaX to
the speed of light |
s =3 x 108 m/sec
_ Time measurement is cerried out by continuocus superposition of the tar-ul
pu.lsé (5n the selector puise, which is generated by the range finder. ' The i gr
time of selector pulse is relaferi linearly to voltage applied to the éircui:
of timg I_nodulator, which generates such pulse, i.e.,
v, = K; (Uo-Up)
- vwhere: t, - delay time.of seiector pulse
Up - econtrol voltags
Uo - initial voltags .

S-E-C-R-E-T
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Due to coincidence of the target pulse and selector pulse,

-
tg=t, snd Ki(Up-Up) = ‘---32 or Up=Uo - %KD: = Uy - KzD

Thus the .voltage controvlling the time modulgtor becomes proportional
to the ta.rge‘t/ renge. This voltage is fed by the range radar to the s ght
computer and to indicator UD-1.

The selector pulse comsists actually of two rulses, generally ca.led
range pulses (see fig. 3). These 0.7 microsec duration Pulses, shifted 0.
microsec with respect to each other, conduct search-scan in absence o' re-
Tlected pulses, i.e., they are shifted along the whole range of distaces
from 200 m to 3000 m with a frequéncy of 1 cps (mode "A") and from 800 n -«
7500 m with the same frequency of scan for mode "B".

The shifting takes place from shorter range toward longsr. In the

(

event of eppearsnce of a pulse reflected from the target, it comes imuo e
incidence with the range puise. At this time the lock-on circuit goe: inie
operation and the search-scen is discontinued. The range raier locks on +lw
target and begins to range-track the terget by feeding volteze propor:ione’
to the range to the sight computer or to the pointer indicator UD-1.

The range radar "Kvant," in addition to renge voltage, alsc supp..les
voltage proportional to the relative speed of target.

The speed voltage is obtalned by differentisting range voltage a:i it:
subsequent amplificetion by a special amplifier located in the speed unit.

The law. for range voltege generstion:

) ' — I3
For mode "A" — UD -’195 - -?é_

e S-E-C-R=E~T
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For mode "BY - D = 195-. _D_
where: Ub is voltasge in volts F o
" D is range in meters
The law for speed voltage generation:
for mode "A"— Uge = - 0.1V
for mode "B"— Ug = = 0.04v
where: Ug, - voltage in volts
"V - speed in meters per sec.
- For an approach the speed is positive.
The peculiatity of the range radar "Kvent" is its ability to operate
i;l two different modes. Far thisg reason the radar antenna consists o7 Hus
7 different antennas - of a horn entenna producing a wide 16° + 1° or ~2°
- b . £ : M1t . .
cam ror mode "A”, and a reflector antenns producing a narrow 6° % 4O' bex:
for mode "B".
| A switeh located in +he range radar connects one of the antennas to -
receiver-tra.nsmittér unit.
The entenne switching is controlled from the sircraft circuit.
S
S-E-C-R-E-
50X1-HUM
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5. Block Diagram of Range Radar

. As seem from fig. 4, the range radar "Kvant" consists cf antenns uni:
recelving-transmitting unit, renge-only radsr recelver, power supply unit.
speed unlt, control board, ‘comparastor unit ; intermediate cable and coaxis:

cable.

SPﬁ Antem;a'. Assémbly Unit ~ éonsists of a combination of a horn anteina
w2 with dielectric lens and a reflector antenna with horn exiter.

This entenna assembly is designed for highly-directive radiation of
high—frequency electromagnetic energy and for reception of signels rer’leets:
from é. t.arget.

Directivity pattern cf the horn antenna while in mode "A" 1c 18° + 1°¢
or -2° in both planes.

Directivity pattern (or beam width) of reflector sntenna while ir
mode "B" 1s 6° £ 40' in both plsnes.

The receiving-transmitting unit forms and radiates rowerful high-freou=ncr

‘ pulses, automatically adjusts frequency of local oscillator, feceives and arve-
emplifies reflected signals, switches antenna from transmission to ree2ption
and synchronizes the work of range-only receiver unit.

The receiving-tremsmitting unit comsists of a high-frequencs. f = 937)

+ 45 Me, magnetron oscillator, a modulator, a sub-modulator, kivs:ron 'ocs:.

oscillator, réceiving-tran:m,tting chanber with mixer, ATR tube, spark-gap

S-E-C-R-E-T
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~ discharger, mixing chember for automatic frequency control (AFCh), yrean: .
.fiez; of intermedlate frequancy IPUPCh], AFC circuit', high-voltage rectifi--.
- and pre-ionizstion rectifier with ignition current stabilizer.
?ﬁN - The range-only redar receiver unit serves to amplify the I¥ of refls x4

pulses, to detect such pulses and +o convert them into target video-mlan

te fix the time of arrival of refleeted tulses and to form voltage Tropa T iong L

x

to the distance +o the taryet.

Power supply unit provides stabilized voltege to all units of Bie ra-o

radar. The unit contains & rectifier for +150 v and +200 v, & recti “ier -
+3QO Vv, 8 rectifier -150 v, electronic voltage regulator andi a refercnce
stabilovolt.

Speed indicator unit serves to determine automatically the relglive

w”  speed of target, and to supply eppropriste voltage to the firing sight exd
Pemissible range computer VRD-2A.

Control bomrd serves o facilitete the operation of the rsnse-opiy ra r

installed on an aircraft. ALL controls of the range radar snd the centroi
points for checking the performance of the sutomatic lock-on are loceted 3 i+,

Comparator unit servas +o convert the voltege scale of tarset oresen-

~ renge into & scale corresponcing to the scale calibration of the UD-1 poiiy -
renge indicator, to compare automatically the voltage of target vresent ru: e
with the vol'éa,ge of pernissible l:un'chizig range of the rocket, and to sen:
la.unching permissible signal to the green lamp "launch" installec on -he
© pilot's instrument board, te:determine the moment for withdrawa' from attec

by sending a signal to the rad .lamp "pull out" installed on 4hre tilotte

S-E -ﬂ -R-F -'T'

50X1-HUM

- 11-
Declassified in Part - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9



Decla%%ﬁ\eld |i_r|1UP“?}rt - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9

o

-.r-/"'

Declassified in Part - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9




Declassified in Part - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9

| - /2
Declassified in Part - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9




Declassified in Part - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9

50X1-HUM
sV
15
Intermediate Cable Wiring Diagram
Plug RUPPKI75Sh1 Plug RIBPKESh B
Goes |Function Term. Goes|Function Te rme
to NO. t,o !30'
ground 1 ground 1
+ 115 v (com)| 2 ¥ 27 v in. 2
~ 115 v (com)| 3 + 27 v out. 3
+ 27 v N =~ 115 v in. (com)ué
U unit 5 5 4 115 v out. (com)}5
w [ Tangs ~ 115 v in 5
. |speed scale 6 i 0 in. >
S |4 200 v 7 S ~ 115 v out. 7
| » |lock-on circ.| 8 = |search f%eq. g
‘d |speed zero 9 » |search freq. :
S | speed zero 10 ,g * %gg v out, %g
Q . 3 1 ’ * v 1n. L
A e 2 |+ 200 v 2
speed z U A 12
lock-on sig, | 13 range
- - 150 v 1k range zero 1h
15 range scale »15
+ 300 v 16 speed scale 16
speed zexro A7
t10v bl speed zero 18
ferrite switch 19
Urange (input) 20
- 150 v 21
Urange 22
gensltivity 23
AFC circuit 2
ferrite sw. cryste25
mode signal 26
ferrite switch 27
ferrite switch 28
-
(a) -4) -

50X1-HUM
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Sh=7
Socket RIBPK28EGL
Goes: | Function Term.
£0 VO
ground 1
altitude sigd 2
+ 27 vin. |3
~ 115 v h
& 115 v (com) &
2
[
input switch | 8
input switch | 9
o ? input sw. i 10
4 | ? input sw. ;11
e lock-on sig. | 12
| mode signal ‘13
—, | VBD supply |l
© | VRD supply | L%
§ VRD output | 16
¥, | range instru.j 17
= range instru.| 16
3 Uspeed 19
pullout sig. | 20
+ 200 v 21
Urange A 22
clearing 23
- 150 v 2L
launch sig. 25
(’6
o7
altitude sig. 28

50X1-HUM
(k) Sh-5
Socket 2RM2LKPN19G1AL
Goes| Function Terr
to No. :
ground 1
~ 115 v 2
~115 v 3
Uspeed b f
+ 27 v g
ferrite sw. crysy 6
U 7
range I :
Tk I 18
Tk IT ‘9
™ . 10
+ 150 v C 11
launch 12
- 150 v 13
~ | meas. ground !
8| +20v L 15
g + 300 v ST
1 -
S | RRCh (MFC) P17
8 | RRU (MGC) 18
calibration 19
b)
- 15 - 50X1-HUM
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(5) Sh-2 (6) 5Sh-1
Socket RGLOUL7EShl Socket RLBPK28.:Shl
Goes | Function erm. Goes | Function 7
£0 No. to Hod
ground 1 ground 1]
~ 115 v P2 + 27 v 2
~ 115 v (com) | 3 ~ 115 v 3
+ 27 v TR &~ 115 v (com) 4
meas., ground 5 + 300 v 5
+ 150 v 6 ¥ 200 v 5
Tk T 7 + 150 v v
8 - 150 v §
o ) 7 Urange 2
115 v in. | 10 trackine .
. P11 | raciing 3
- 150 v 12 N
o | £BCh (45C) am. 13 n | seasen treq. |13
S | m (MFe) ils‘ 3 search freq. LYy
2 |1 16 | = UPCh (AFC) shiftils
+ + 300 v : 17 2 lock-on cira, L6
g § § sensitivity (7
- 5 ! o launch pulss 18
) E ) + 150 v in. L9
— 0
clearing 21
range zero 2l
Upanges anit 5 ifs
7
S
(e
- 26 - 50X1-HUM
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SPN 15
S
(7) Sh=L (8) Sh-6
Socket 2RM30BL132GLAL _ Socket 2RM1LKPNLGIAL ;
Goes | Function [Tem. Goes | Function Term. }
to 5'__5\_1’0_. to EO.
ground 1 ' N
: gg)ovv ;2 ~ ferrite switch| ?
+ 200 v ? N ferrite switch|f 3
P = ferrite switch|{
+ 150 v 5 o
supply 5 o
supply i 7 =
VRD output I3 S
Urange in. Q9
© | insbru. "D |10
':é instru. "D" |11
42 Uspeed 12
d pullout sig. {13
= | launch sig. |1L
8 15
16
mode signal |17
- . 18
lock-on circ.|19
20
21
altitude sig.|??
altitude sigsi?2
24
25
- 150 v 26
27
2B
2
calibration |30
~ 115 v NE
~ 115 v (com)| 32
T—
(d) - 17 -
50X1-HUM
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| Sgl\l\" instrument panel, supplying +28 v stabilized voltege with res ect - Spee-
o voltage, to VRD-2A. v
Intermediate cable serves to intercomnect the units of the rang:-on -
radar on an aircraft. Csble configuration and size depends on the deploit-i
of the range ,finder on a given aireraft. Schematic. lay-out of the ir.terse..:.
ate csble for the MIG-21F combat jet is shown in fig. 5.
6. Functional Diegram
On fig. 6 is shown the functionel diagram of the range-only rader
"Kvant". This diagram s"hows interaction of individusl componerts of the
range radar.
The operstional mode of the range radar 1s different’. Tor the search-
-séan of the target from the tracking of target, when the reflected simal
- enters the receiver input.
For this reason the description of functional diagram is divided int
2 sections: ‘
a/ Search-scan mode
b/ Tracking mode
SPN
18 Search-Scan Mode
The submodulator located in +the receiving-transmitting unit gener-ate:
bositive voltage pulses with amplitude not less than 150 1}, Pulse duretier
of about 1 microsec and repetition rate of 800 Prs. These pulses control
the discharge tube of the mo.inlator.
;
N S-E-C-R-E-T
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Fig 6, Functional Diagram of Range-Only Radar "Kvant",
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The moduleting pulses with 5.5 kv amplitude, 0.6 microsec durat .on en:
repetition rate of 800 pps are generated in 'modula.tor and are Ied to the

n)‘

maenetron.

Magnetron oscillator generates pulses of T = 0.5 microsec durat-on uni
poweyr of not less than 5 kw.

The antenna switch disconnects the receiver during the action ot preb g
milse.

Powerful high-frequency magnetron pulses are admitted through h.gh-

frequency channel to ferrite commitator which directs the electromsgretic
energy to one of the antenmas, depending on the operating mode of renge-tfil,
radar.

Part of high-frequency energy of the.magnetron pulse is sdmitter to th:

- mixing chamber of AFC. Undamped high-frequency oscillations from klystron
local oscillator are also eontimuously admitted to AFC chamber.

As a result of mixing of two high-frequency oscillations, & pulse is
formed at the AFC output with a frequency which is equal to the difference
between the klystron and magnetron frequencies.

This pulse is converted by the AFC circult into the control voltage, ¥ 19]
which is fed to the klystron local oscillator and maintains klystron Trecu-tics
above that of the magnetron Irequency by a value equal to Ir.

Simltaneously with the modulating pulse, a negative synchronizing pu.ss

is fed from modulator to:

. -2] =
o S-E-C-R-E-T
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a) to IF amplifier and disconnects recelver during tne tvensmiisior i
mgin probing pulse;

b) +to noise AGC and euts it out for the reception period, thus alir: ::f-
ing the effect of target pulses on perforumance éf the noise AGC

v) to é‘ast saw-tooth forming circuit snd triggers it.

The fast saw-tooth" ecircuit feeds to the comparetor circeit unit REES -3
8 saw-tooth pulses at a rase of 800 pps and of 25 or 50 microsec cit;mtian
(depending on the mode) and of 150 v amplitude (fig. 7.

In a,ddition)to the :comparator curcult unit RB6-3 is fed a saw-tecoth

185 to 20 v quring a period of .8 to 1.2 sec.

With this gradual decrease of "slow saw-tooth" generstcr woitage. th:
occurs greater and greater delay in conduction of comparator diode for ea::
successive period of 800 pps repétition rate.

Thus, to the subsequent circuits of the comparator is admitted & SV
tooth pulse with leading edge lagging more end more behind the “rensm tte -
bulse as the sweep generator woltage decreases.

SgN ) This pulse is amplified and differentiated, and is used to trigger ror .
y Tulse generator. The latter generates 100-v range pulse of .7 microsece duina-
tion which is fed to time disriminetor. The tiwe discrimingsor operatas cr
during coincidence in time o7 r@ge and target pulses.
As is seen from iig. 7, with gracual decrease in voltage of the "slos
saw-tooth”, the range puises traverse the vhole working range <f searche

scanning at a rate of .8 to 1.2 covs.

: . 2 o
- S-R-0aReR.D
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The noise voltege fros: receiver output is adumitted to noire AVC ciyrt 4
which develops negative voi tage proportional' to noise magnitude. ThH s w <
age 1s admitted to IF amplifier, and by Vargring amplification factor “he 1¢ :e

level is maintained constent at the receiver output.

/
Tracking Mode

Pulses reflected from the target are intercepted by ome of the entera-:.

depending on the mode of operation,and are admitted by high-freguency chsnr

A\

through the ferrite swit}ch to the antenna switch, which prevents the ents n.
of reflected signal to fhe magnetron circult, but admits reilected meises +o
the mixing chamber of the receiver..

At the mixing chamber of the reeeiver the reflected signal “requsncy ':
mixed with the local klysiron oscillator frequency.

SPN As a result of mixing, & number of frequencies are formed from which v
21

Y

30 me IF is separated out at the receiver mixer. Input cireuit of IF oress:-
plifier (PUPCh) serves as the load of the receiver mixsr.

After rassing through the IF praamplifier, the signal reflected £ om
target is admitted to'the nein IF gmplifier. The target signel after sectn i
detection and amplificaticn in IF emplifier is admitted to the inwmut ¢ =© E AR TR
discriminator:through the video anplivier and cathode follower.

Time discriminator forms error current at the instant o7 ceincidence - °
the tafget reflected pulse with the renge pulse. Buch error-current ialne
depends on magnitude_ and sign of mismatch between range and targ2t pulses.

The-error signal is sdmitted to the input control-unit circuit, whieh ig i

the form of a double integrasor.

g ‘ . -2} -
- | S-E-C-R-E-T
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The time discriminator also generates negative pulses which control
the autometicv lock-on. )
At this time the automatic lock-on goés into Operation and sesrch-sgcsr
generator circuit is transformed into & double integrator end the signal
lamp "lock-op" lights up on +the sight.
The range-only radar circuit now switches to tracking mode and proc-
esses oltageg:proporsional to the target renge and relative spee:l of the
target. At the instant of target lock-on and switch-over of "slow sew-Bos-h"
generator, at the output’/ of double integrator remains a voltage correspon i ne
to target range, as it was at the instent the automagtic lock-on went into
action. This voltege is fed to the comparator unit circuit RB6-3, insteai (¥ 23]
of the "slow saw-tooth" generator voltage, and it controls the Tange-mls:.
-w displecement in time.
The error current of time discriminator is continuously adnitted to
double integrator until the range pulse comes into balance with the targe . -“ulige,
With the disappearance of target signal, the sutomatic loci-on i3 re
leased after & delay of 1 to 1.5 sec.
The output range voltage continues to change a;cordinglr with tﬁe sere
law and at the same speed during the delay period as it occurred.pricr to
target disappearance, thus ensuring the "memory" of target speec.
Pulse from the plake of sutomatic lockwon amplifier is fed to input of
AVC circuit. This pulse is amplified and detected, and as a negative dc ve -
age is fed to IF amplifier, thus changing the recelver empliricetion whiek - -
necessary to avoid overlosding recelver stages and to decrease the range er or

for targets of different intensity.

- S-E-C=R-E-T
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ne :es

identicgl. Pulse AVC and lvise AVC have common output to IF amm i ifie-

through cathode follower. Wien range-only rader "Kvant" locks-on targ:t

in mode "B", <the range volimge is fed to electronic circuit in unit -8

which comparés it with peirmissible range voltage, the latter coming f-om

computer VRD-2A.

By permissible range for rocket lsunching is understood a mestime: i

tance to the target at which the rocket will necessarii:f reach the
while the homing system is in operation.

Such a range is defined by the following equation:

Drim = 3.06 + 1070 [A Vsr (WH) +D _i

e geh

The magnitude of pemissible range depends on the ailrcraft altitude

(B), air speed of aircraft-carrier (Vy), as well as of magnitude and :ign

of relative speed (D). .

Permissible range becomes greater with the increase in Flight

(air resistance begomes smaller), with the increase in speed cf the earrie:

al-ittuie

'(i‘ni'bia.l speed of rocket), end with increase in relative speed o a.pp':'oach

to the target.

The permissible range computer VRD-2A comsists of m potenticmetr ¢

[P 24]

transducer, which is fed with de voltage from range radar, and which suppiiasn

a voltage proportional to permissible range according to the fo!lowimg e

Ug-razz ]v§ = 3 625 (Drasr in Jm )

- - 26 -
- S-E-C-R-E-T
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The VRD-2A solves the equetion:

A Ver = BC( -YE-LV->

and the obtained ®oltage is added to the relative speed voltage whiek

-was admitted to range radar "Kvani' according to the following law:

= _ m
Ugq (v) = -0.04D ( = ' o

U& is positive during approach.

Speed range: from -100 m sec to +H00 m sec, which corresponds i«
voltage varigtion from -4 v to +16 v.

Total voltage from the slider. of VRD-2A potentiometer is acmittec to
electronic circuit of the camparaboruhitK-8. When the present range to tarse s
becomes equal or smaller than the rocket-lsunching permissible rsnge, ther
the comparator circuit operates and on the pildt's instrument boeard Lighte
on the green lamp "launch." From this instent the pilot may iaun‘ch the K- 13
rocket if all other required conditions are fulfilled.

Present ra;nge voltage is also admitted to a special circuit whiect., upwn
approaching a range of 1000 m, lights on a red gignal lamp "oull-out,” thu:
wa‘rning the pilot of the danger from further approach to the target. 3uck
furthér approach mgy result in collision with the target or Jdamege frvm ths:
ITragments of the rocket.

On the pilot's ingtrument board is located the pointer indicator UD-1 !
range to the target, which is in the form of a voltmeter graduated di-
rectly in km, from O to 8 km. This range indicator is fed with power threwso

operational amplifier of K-8 unit.

N S-E-C-R-E-T

50X1-HUM

- 27 =
Declassified in Part - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9



Declassified in Part - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9 ,

‘ QUAT-IUIVI

THE ANTENNA 'WAVEGUIDE ASSEMBLY | T
7. Application
The antenna " waveffalde unit is desi;ned for transmitting high+
frequency power from the oscillator to the antenna, the rediation ¢l
this eneré& intc space within the limits of definate spatial angle, tha
reception of signals reflected from the target and their transaission to

the receiver,

8. The basic tocticol-technical data of the antenna wavasuide chavisl.

1. The width offthé directivity pattern in the wide bean mode/mod:
vAn/ 415 18 + ;z in planas & and H, and is 6° + 40" in the rarrow bes .
mode/mode "B"/ in both plines.

2. The side lobes do not exceed 5% of the maximum ir both modss.

3. The gain factor of the antenna is ecual to 85 in moda A" nd
550 in mode "B",

4, The.staﬂding wave ratio of the antenna “wavezuide untit does nan
exceed 1.5 at frequency renge. of 9370+45 MC,

The antenna-waveguide unit of the "KVANT™ range-finding zdsr con-
"sists of two structurally combined antennas and a wavéguide chonne! wi~d
a ferrite commutator, which provides for switching the operating moeces «x
the station/wide and narrow beam/.

The gain factor ic determined by comparing the antenna P 27]
being tested with the standard one, the gain factor of which is knom :v.1
the following forﬁula.

Gisp=G ei} X g—-—i—-&z s wWhere

B S-E-C-R-E-T
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G isp is gain factor of the antenna being,'tested.

G et is the gain factor of the standard ::mtem.a.

P isp is the power being received by the antepna being tested.
P et is the power being received by the standard antenna.

The g/;in factor of the antenna for the "KVANT" range finding r:dar
is equal to 85 in the wide beam /mdde "A"/ and 550 in the narrcw'ba:,\n
/mode "BY/,

For e more complete transmission of the transmitter power to the
antenna, matching of all the high frequency channels is of great imyorterce.
The matching of the high frequency chennel is characterized by the “alae
of the standing-wave ratio.

In an ideal case, during the absence reflection, a traveliing-w:.ve
mode is established in the highefrequency channel /during whickh SWR=1/.
In the presence of reflection a standing wave appears in the chamels
Such standing wave is formed as a result cof A’rslhe composition oi incl.ent
anéi reflected waves.

The standing wave ratio is defined as the ratio of the maxjium

value of voltage in the line to the minimum

U max C.
U min

KSB (SWR)
the better the matching, the smaller the difference between U maximum aw:
U minimum , and consaquently the smaller the magnitude of 3Wi.

The standing wave ratio in the antenna-waveguide unit of the ®IVAN™ P 28]

range-finding radar does not exceed 1.5 in both modes.

The wide directivety pattern of the "KVANT" range firding rada- fnoi

- - S-E-C-R-E-T
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"A_"/'_is radiated by the hcrm antenna. The directivity pattem of the horr
~ antennsa depends on the dimensions of the horn; its length end size oi the
aperture of the output oreaing.

In the horn entenns a dielectric lens is intalled in the apertrre c¢i
th§ hozﬁ. The dielectric lens serves to equalize the field phase in the
horn aperture, which, in turn, leads to higher geln factor and lower intesn-
sity of the side lobes of thfz directivity pattern. The side lobes aie re-
spousible for useless di.f‘fusion of & part of the radiasted power and for Ig: -
ermg ‘the noiseprobf feature of the station. The electricai field oi the

~horn has vertical polarizetion. The horn antenna is connected to the wava-
_gtiide through a coupling transformer with a 12 x 23 mm cross section, and .
tuned in designated range of frequencies with the aid of a matching etub.
- The air-tightness of the antenna is achieved with the aid of ptiy-
- styrole foam bushing, which is pasted to the mouth of the horn with eooxy.
resin.

The narrow directivity pattern /mode "B"/of the "KVANT" range iindia:

reder is radisted by the refiector antenna.
“ 'I’he reflector ante;ma is a radisting device in which the electro- } 7
'ma.gne'bic waves from the primary exciter is directed by the reflector intc
space within the limj.ts of ‘a certain space angle, depending on the diameta
clbf thé reflector.
~ The antenna reflector is a circul;r parebols with a diametar of 360 :n
and a focal dista.nce'of 235 m.. The focel distance was selected in such a

manner that the primery redieting element of +the retflector satenas

- 30 -
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- would in s least degree overshadow the radiation from the horn antenua
located behind the reflecter /[fig. 87.

v

The primery exciter of the antenna }s a horn radistor. The siz=2 ¢l
the horn radiator - is selected in such a.manner that the radiation & .rec-
tivetly pattgrn formed by it would have in the direction of the edge 1 Uw
reflector, considering the spatial attenuation, an intensity 0.1-0.1:
times of the maximum power, thus the power density et the edge u{'dmj
parabolloid becomes 6 to 10 times smaller than at its central part.

Under such a conditior, the optimum value of thé reflecto: suriace
utilization ratic, whi;h is necessary for obtainirg the maximuwa gaiwm
factor of the antenna for & given diameter of the reflector, is wrovided.
The polarization of the electrical field of the antenna is horizontdl.

The horn exciter is otff the focus by 60, This makes it possikle,
firstly, to reduce the effzct of the reflector surface on matehing tue
waveguide channel and, sscondly, to remove the exciter of the reflector
antenna from the readiation eone of the horn éntenna.

 since part of the enargy of the horn strikes the exciter, is reflec ol
from it, and during fhe second reflection from the reflector it naryows ¢ : (P 30]
radiation directivety pattern of the horn antenna, A metal grid¢ made of
vertically arranged wires is installed in the aperture of the Lorn excite..
[fig. 8/.

Such a grid is transparent fo the electrical field with horizontel

polarization,since the veetor of thc electrical field is perpendicu ar

to the direction of the wires. For the electrical field with verticsl

polarization, the vector of the elactrical field is parallel to the

’ S - 31 -
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direction of the wires, ¢onsequently, for such a field th:z gricd is equit .
lent to a metal screen which complstﬁhyrefiects the electromagretic fieic .
The grid in the aperture of the exciter is located In such amanner tkat ¥
energy of the hom antenns, the electrical field of ﬁhich has vertical oolsr 'as
“khon, will be dispersed by reflection from the.grid.

The wires of the metal grid of the exciter are fastened to s Fushi- -
made of foam polystyrole. The bushing is pasted to the mouth of the herr
exciter with epoxy resin, thus forming air-tightness of the hizh-fresuvenrc

‘channel.

The horn and reflestor antenna are fastened to a common mounting by
a cast magnesium zlloy brachet,while the horn antenna is lceatad behind
the central part of the reflector antenna, For this reasor, th» latier -
made in thélform of a metal grid with horizontal wires which ma<es i% tr. c.
parent to the energy radiated by the horn antenné. P 32]I

The combined antemna is fastened to thé airplane with the aid f
four bolts, which are mounted from the side of the reflector, through
special hole to a cast bracket and auxiliary fasteners, procvided on :he
airplane. |

9. Waveguide Channel

Block diagram of weveguide chamnel is shown on fig, 9.
‘The waveguide channel is built with rectangular aluminum wavegiide
of 23 x 10 mm cross section, except for ferrite commutator.
High-frequency admitted to the waveguide channel from receiving ~trsr-.
mitting unit (unit RB6-2l) is fed to the ferrite commutator, which it
/ turn directs it into one of the antennas depending on mode of radar crnerzt 'r.
S~E-C~R-E-T
‘ 50X1-HUM
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10. Description of Ferrite Commutator

v

The ferrite commutator switchaseon the two antennas altnvrété*ya o AR
radiating different directivity patterns;

The pqlarization plene rotator and a tee form part of the comutedic
(fig. 10).

Ferrite commutator eperation 1is based mthe wrincigle of D(1sri' 2 tA T
plane rotation.

The ferrite stub, located in transverse magnetiec field, rotates
polarization plane of électromagnetic wave that passes through it.: P zh]

Ferrite polarization-plane rotator is in the form of a ssuare
2l x 21 mm waveguide section, inside of which in a fluoreplastic insert i:
mounted grade M-77  ferrite stub of the following size?

d=6.7 mm 1=70 mm

Electromagnet windirg of 3,000 turns from .2mm PEV wire is olared
outside the square waveguide, '

w=1,000 turns

One end of the square waveguide polarization rotator is teraing i
by a quarter-wave transformer, which is needed for transition “rom the 213 2imm
waveguide to 23 x 10 mm waveguide.

To the other end of the polarization rotator is connectec - tae, the
outlets of which make 90 with each other (see fig. 10)

For mode "A", a current of the order of 50 milliamp oasees thaougt the
electromagnet winding, Sue¢h current ensures polarization-plane rotation
by 900, i.e., the passage of electromagnetic‘energy to echannel T.

-3 -
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For mode "B" a current of the order of 5 milliamp, need to remove
residual magnetism, is passed through the‘electromagnet wirding.  Such
residual.magnetism originates in the feréite stub during -operation i moi:
AT, Now the electroﬁagnetic energy is directed intoe chanrel 7. ¢irrer:

'direction {% the ferrite-commutator winding in mode "B" is opposite -o
that for mode "A",
| EPN 36 Electromagnet current switchinz is effected by R6-3 relav, 15c ted
in unit K-6, which is actuatéd by the mode signal. To ensure overat:on

at high altitude, the waveguide channel is made tight with the zid o

rubber gasgets.‘

- 35 -
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IV. RECSIVING-TRANSMITTING UNIT

11, Applicatidn

The RB6-2M receiving-trensmitting  unlt goes into the mekeup of the [P 36]
"KVANT" airp;ane radar renge finder and is designed for generating poverful
high frequen/c;y rulses, switching of the antenna from transmission to —ecer
tion, reception of the signals reflected from the target and theair preamr i
Tication.
In addition, the receiving-trensmitting unit perfoims autometic
frequency control of the local oscillator and generates pulses, which syn-

chronize the operation of the entire station.

12. Make up of the unit

The recelving -« trammitting unit consists of the following elomen - :
a) submodulator;
b) Modulator;
v) magnetron oscilliator;
g) entenna switch;
d) mixer of the receiver;
e) mixer for the AFCh (automatic frequency control);
zh) klystron oscillator;
z) preemplifier For intermediate frequency /PU'PCh/ ;
1) high-voltage redtifier;
k) rectifier for the Pre-ionizer; | 2 57]
1) systems for automatic Trecuency éontrol of the klystron opcilis-

/  tor [APCh/.
S S-E-C-R-E-T
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13. The basic tactical-technical data of the unit
The receiving-transmitting wunit h?.s the following basic pazé\mefbe% it
a) puise power of high frequency ‘oscilla’cions
- imp ; 5 kw
b) /the freyuency ef high frequency oscillations in s range r °
P70 £ 45 Me
v) duration of modulating pulse
T imp. = 0.5 + 0.05 microsec;
g) the band width of high frequency oscillations at <he
base 4 4: £ 5 Me
d) pulse repetition rate
Fo = 800 % 100 pps
- .
e) Synchronizationepulse amplitude 1s not less than 80 .
zh) Thg average current of the magnetron is equal to 1.9 + 0.7 ()
z) The crystal current of the I'eceive.f ci)annel i3 0.2 © 0.8 111737 eman
i) The crystal current of the APCh (AFC) cha.nnel-is C.k wye.r me.
k) The ignitor firing current of the ATR tube is T0 to 9% miecrommr
1) The average intermiediste frequency PUBCh is 30 + 0.5 Mg -
m) Overall dimensions of the unit are:
D =240 mm
L = 588 mm
n) the weight of the unit does not exceed 12.1 kg. "> 8
0) The unit operaies normally:
j " - 38 -
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a/' during a tempersture change of the surrcunding atmosyhere Tra:
+ 50 C to -60 C. '

bf after remaining 48 hcurs in an atmosphere with & reiative hum. -

| ity of 95-98% at a temperature of 2C%5°C. |

v/ /at altitude of up to 25,000 meters, (that is at an atmospieri:
pressure of up tc 18.6 mm Hg. ]

i, Description of Unit Operstion
According to the Functional Diagram

[Fig. 11}
Blocking coscillator of the submodulator utilizes the left half e¢7 the
L2-3(6NIP) dual triode; i% generates pgAitive voltage pulses of 2:0 v ampi.-
tude and 5 to 8 microsee duration with repetition rate of 800 pos. Taiese
pulses passing through the cathode follower, which utilizes the right all I
the dual triode I2-3(6NIP), control the performance ‘fothe modulstcr discharze txc.
Pulses from the bloclﬁing oscillator L2-3 are alsc admitted throuzh o
cathode follower 12-4(6N3P) to the AFC system, where they are used fé- m&i i -
ulation (modulation) of the sereen grid of the pentode I2-18(6NIP).
‘ The mod.ulafing pulses of 5.5 kv amplitude, 0.65 microsec durati-n =z .
repetition rate 800 pps are formed im the modulstor &dgembled as a
circuit with artificial pulse shaping line and hydrogen thyrotron I2-7
(TGI-1-35-3), the latter ac‘oing as a discharger, and are then fed to the mazizsren
12-9 (MI-158)
Magnetron oscillator generates pulses of 0.5' nmicrosec duraticn aad L2 59]
not less than 5 kw power.
-39 -
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Powerful high-frejuency pulses from magnetron oscillator sre adr ithe
to antenns and are then irradiated into apac'e. Due to the pressance ¢’ an-
tenna switch in form of a RR-21(I2-12) ATR:‘tu'be, the receiver becomer dis-
comnected during the transmission of mein pulse.

Negativev synchronizing pulse with amplitude of 80 v is also taken Py
the moduletor which is fed Lo IF amplifier for disconnecting the receiver
during transmission of main pulse, for disconnecting the noise AVC éimui;
during reception and for ‘riggering "fast saw<tooth" .multivibraﬁcr le~ate i
in the range unit.

Part of the energy of the high-frequency pulse from the magnetron ogo -
lator 1s admitted through abtenustor to the mixing chamber of AR, whoere -
crystal detector D2-1(D2-2) ascts as a mixer. To the AFC mixing chambor asv

A4 also admitted continucusly high-frequency oscillastions from Kiystron oscil -
lator I2-11(K-27). |

As a result of mixing; of two high-frequen'cy oscillations, at the outin:
of the AFC is formed a pulse having a frequency equal +to the diifererce be -
tween the frequency of klystron local oscillstor snd the frequency cf nagre -
tron oscillator. |

This pulse is amplified by two IF stages of the AFC circuit asserbieé
with diodes (12-17,12-18), and is then admitted to the disciminetor cfrcuit |P 40]
incorporating the dual dioda I2-19(6Kh2P). Detected pulses fram the ¢iserini.
nator output are fed to tha two- ~-stage pulse amplifier incorporating duwal
triode D2~ 20/6N3P/ here they are emplified and fed to the contrci tubs. i.:
the right half of tube L2-2L(6N2P), where second detection oi tha ARG :ulsa

;'" takes place.
" - -0 -
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haed Negative voltage from 12-21 tube is fed to the repeller electrride ¢! -ha
klystron. v

If the fluctuation of IF exceeds the klystron adjustmenrt limits. then
the blocking oscillgtor rilses from left Half of 1.2—21{?6NEP) tibe are fed o
right Half o;. L2-20(6N3F) tube, thus replacing the mulses arriving from Hia=
discriminator. The AFC circult forms control voltage which mainiains +he
klystron frequency at a Voltage that is 30 Mc higher than the masnetron
frequency.

During re‘ceptionpth; Milses reflected Trom- target 'are admitted into rwin
waveguide through the ATR tube L2-12(RR-21) through the mixing chambe: of the
receiver, where crystal diofe type DLOS6, DUOS6A(DR-3, DR-4) act as m .xer: .

To the mixing chember of the receiver are alsoc admitted contimicusly csei” .
lations from klystron locsal oscillatqr. A.num'ber of frequencies are noyme:
after mixing, from which the 30 Me IF if separated out on the lced cf the
receiver mixer (input circuit of TIF preamplifi?r) .

After passing all stages of the IF preamplifier, assembed with L£-1, [P ko]
12-2(6zh1B) tubes, the ampliried signals are fed to the input of wain TF am.
plifier of the range unit.

High-voltage rectifier mssembled with 12-6, 12-5(6S7B) tubes wuoties
power to modulator tube I2-7(TGI-1-35/3) at a voltage of -1450 v.

Firing rectifier is agsembled with 12-10(Tkh-2) I2-15(SGSB) and L -16
(6STB) tubes and it feeds vower to discharge tube IR-12(RR-21) &t & voitage
of -750 v, which accelerates firing of the discharge tube during the oarg : i

of the unit during its operation of transmission.

: | - W2 -
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15. Description of the operation of the unit according to
: the schematic diagram
SPN |2 (Low frequency unit)

a) Submodulator (fig. 12)

The operation of the modulator is controlled by a submodulater
in which voltage pulses of the required amplitude, duration, shape,
and repetition rate are formed.

The submodulator comprises a double triode type 6N1° (Lz-3) end
consists of two stazes: a blocking oscillator with self-excitatirn
which occupies the left half of the tube, and a cathode repeater shick
occupies the right half of the tube.

The pulse from the blocking oscillator is used for manipulation
of the AFC system for the emission time of the main pulse.

In order to eliminate the effect of the submodulator on the L€
circuit, a trigger pulse is sent through the cathode repcater L2-i
- (6N3P).

-3 -
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b) Blocking oscillator (fig. 13)

- SPN Wk
The blocking oscillator or pulse generator with transformer .
coupling is a single-tube gelf-oscillating system of the relaxaticn
type with strong positive feedback, making it possible to generate
short pulses, under certain conditions, which are close to sauare
pulses in shape (fig. 1k).

We will begin our examination of the operation of the blockirg
oscillator from that moment t, when the left half of tube L2-3 (6N1P)
is blocked due to the veoltage drop across resistor R2-10, which ir
caused by a discharge of capacitor C2-llj; the latter was charged to
a voltage Ugt with the polarity shown in figure 15.

Consequently, at this moment the voltage Uy between the crid and
the cathode will be Ug = Ugt.

Discharge of the capacitor occurs exponentially with a time
constant equal to the product of capacitor C2-1l; and resistor 12-10.
We will disregard the voltage drop in the secondary winding of the
- transformer since its resistance for the discharge current is very
’ small.

At the moment t, there is a point when the voltage in the grid
reaches the value E;,, after which the tube opens and the anode
current i,, which will pass through the primary winding of the trens-
former, begins to build un (fig. 15).

A voltage U, will be induced in the secondary grid winding.

vy ! The ends of the secondary winding are connected in such a manner that

SPN )5 the voltage in the grid increases as the anode current increases.:
This voltage has positive polarity relative to the cathode., This
voltage increase in the control grid of the tube of the blocking
oscillator causes an even greater increase in the anode current. I[n
addition, there will occur a decrease in the voltage of the anode of
the tube due to the increased voltage drop in the primary winding of
the transformer.

The increase in anode current causes a further increase in
voltage in the control grid of the tubs, and this, in turn, causes an
even greater increase in anode current, ete. This process of
avalanche-type build-up of anode current is called a direct blocking=-
ProcessSe.

50X1-HUM
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Naturally the anode current cannot build up infinitely since it is
limited by the characteristic of the tube.

It should be noted that in the beginning, the rate of voltage
build-up in the grid inereases.

The increase in grid voltage is linked to a corresponding decreassz
in voltage in the anode of the tube, which becomes less than the
voltage in the grid of the tube. This situation gradually moves the
operating point of the $ube toward that region of the tube character-
istic where, because of the decrease in steepness of the anode current
characteristic and the increase in steepness of the grid current
characteristic, the necessary self-oscillating conditions for the
existence of the blocking process no longer exist,

. As a result of this there appear forces which lead to a decrease

‘SPN 1,7 in the rate of build-up of voltage Uyq in the grid, although voltage U;
itself continues to increase. With the increase in volitage in the griZ,
the steepness of the characteristic assumes smaller values and, ctnse-
quently, the forces causing the decrease in the rate of build-up e¢f tha
voltage increase. It is therefore natural that finally, at a particular
moment 13 very close to the moment t; , the voltage at the grid reaches

- a maximum Ug max, after which there follows a stage of comparatively

- slow change in the voltage Ugq at the grid (the flat part of the pilse)
as well as all remaining voltages and currents.

At the onset of this stage the voltage at the grid begins to
decrease rather slowly; however, this decrease does not at first cause
a noticeable weakening in the anode current due to the small value of
the steepness of the tube characteristic in this region. Since ir this
stage Ug > 0, and the voltage at the anode is sufficientiy small, a
rather large grid current commensurate with the anode current pasees
through the tube. As a result of this current, capacitor C2-1l chargés.
leading to an increase in voltage Us, With a decrease in voltage at
the grid, the operating point of the tube gradually returns to the
region of the characteristic in which the steepness assumes greater
values.

At a certain moment tz , the steepness of the characteristic
reaches a value at which the condition for existence of the blocking
effect is again satisfied. The decrease in voltage at the grid begins

. to cause a more noticeable decrease in the anode current of the trbe,
SPN 148 which leads to a voltage decrease in the windings of the transforwer.
As a result of the decrease in U, there occurs a further more intensive
decrease in the voltage U4 at the grid of the tube; this causes & still
greater decrease in the anode current and, in this manner, a blocking

. . - Wi -
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effect phenomenon similar to the one descriped above but acting in the
opposite direction originates. This "reverse" blocking effect leads to
a sharp drop in voltage at the grid of the tube and a rapid blocking ot
of the oscillator tube,

At the moment the tube is blocked, short-duration emf's of rether
high value and opposite polarity, which rapidly drop to zero, are
induced in the transformer windings. After blocking of the oscillator
there begins a stage of slow discharge of capacitor C2-1l; in the grid
circuit; this is the point at which we began our examination of
processes in the blocking oscillator.

The duration of gensrated pulses is determined by the parameters
of the grid circuit of the tube and the parameters of the pulcse trans-
former. The pulse repetition rate is determined basically by the
time constant of the discharge circuit of capacitor C2-1l. TIhe pulse
repetition rate may be regulated by changing the value of resistor
R2-10. The output voltage of the blocking oscillator is taken frem
an auxilliary winding of the pulse transformer, applied to the grid of
the cathode follower (the right half of tube L2-3), and represente
positive pulses with an amplitude of 220 v, a duration of g to 8
microseconds, and a repetition rate of 300 pps.

- Resistor R2-13 is. ¢onnected in parallel with the output winding of
SPN 50 the pulse transformer and forms the ballast load of the winding.

A positive pulse for triggering the AFC system is taken from this
winding of the pulse transformer. The trigger pulse is applied tc
triode L2-l (6N3P) which is introduced into the circuit for the purpose
of decoupling the input circuits of the AFC system and the modulatorj
the triode also plays the role of a limiter.

Tn the cathode of L2-l (6N3P) ig the divider R2-20, R2-Li frrm
which the trigger pulce passes through the coupling capacitor Co="Iy
to the screen grid of tube L2-18 (6ZhlP) of the second rf arplificatier
stage of the AFC system. Figure 1)y shows the pulse at the ocutput of

the blocking oscillatoer,

In order to decrease the influence of the blocking oscilliator on
the other circuits of the radar, a decoupling filter consisting o
resistor R2-9 and capacitor C2-13 is connected to the oscillator «node

circuit.

- 19 -
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v) ‘The cathode follower

Positive pulses from the blocking oscillator are taken from the
auxilliary winding of the pulse transformer and applied to the grid of
the cathode follower (fig. 16) in order to avoid the effect of the
modulator on the blocking oscillator of the submoduwlator and for the
purpose of matching the anode resistance of the load and the outprt
resistance of the blocking oscillator,

The load resistor E2-12 is selected so that the amplitude of the

. derived pulse will be no less than 150 v. Figure 17 shows the puise
SPN 53 at the output of the cathode follower.

7) The modulator

The modulator of the transmitter is based on a circuit with &n
artificial pulse-forming line LF2-1 which discharges through the
thyratron type TGI-1-35/3. The circuit of the modulator is given in
figure 186.

Operation of the modulator may be divided into two stages: the
recharging stage of the pulse-forming line, and the resonance
recharging stage of the line.

During pulse recharging of the line a negative square pulse with
an amplitude of 5,500 v is formed in the secondary winding of the pulss
transformer and is applied to the magnetron, which forms the load of
the modulator.

For an explanation of the principle of operation of the modulater
we will convert the modulator circuit to an equivalent circuit (fig. 17 .

A negative voltage of -1,450 v is applied to the cathode of the
thyratron from the high-voltage rectifier, which comprises tubes 1Kh=2

At the moment a positive trigger pulse from the subrmodulator
arrives, the thyratron is fired by the -1,L450 v source and the pulse-
forming line recharges in such a manner that, toward the end of the
recharging period, the woltage in the line is equal in magnitude to
the voltage at the cathode of the thyratron; that is, it is equal to
the voltage of the -1,L450 v power supply. Vhen the recharginz period
terminates, the thyratren is extinguished and the pulse-forming line
slowly begins to recharge through the following circuit: the pulse=

50X1-HUM
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L forming line, the primary winding of the pulse transformer, and choke
SPN S} Dr2-1 (fig. 20).

A diagram of the discharge.circuit of the line is shown in
figure 21.

The recharge circuit represents an oscillatory circuit whose
capacitance is the totel capacitance of the pulse~forming line LFr-l
and whose inductance L 1s the inductance of the choke Dr2-1 (the
inductances of the pulse-forming line and the primary winding of the
pulse transformer may be disregarded because of their small value in
comparison with that of choke Dr2-1). Thus, the parameters of the
oscillatory circult are selected so that the period of natural oscil-

)

lations is equal to T = —5— , where F is the pulse repetition rzte
“s

of the submodulator.

Figure 22 shows a graph of the voltage change in the pulse-
forming line, It can be seen that, for a period of natural oscilla-
tions equal to T, the trigger pulse of the submodulator arrives at the
moment when the voltage in the pulse-forming line, as a result of the

- resonance recharging of the line, becomes equal to 4 1,450 v. With the
arrival of the positive pulse, the thyratron fires and the period of
pulse recharging begins.

The trigger pulse to the grid of the thyratron passes through a
coupling capacitor C2-16 and a resistor R2-15 which serves as a limiter
of the thyratron grid currents.

Resistor R2-1li is a leak resistance in the control srid circuit
of the thyratron.

L Figure 21 shows an equivalent circuit of the pulse recharge gys-

SPN 56 tem of the line. It may be seen from the picture that at the moment
the thyratron fires there are two series-connected emf's in the
recharge circuit -- the emf of the battery E and the emf of the pulse-
forming line, which is e¢harged to the voltage of the power supply.
These emfl's are loaded with two resistances -- the characteristic
impedance of the line amd the resistance of the load, which is equal
to the characteristic impedance of the line. Thus, a voltage approx-
imately equal to twice the voltage of the power supply is applied to
the anode of the thyratron relative to the cathode, 1In view of the
equality of the characteristic impedances of the pulse-forming lire
and the load, this voltage will be, in the idesal case, equally dietri-
buted between them, and in this manner & voltage will appear at the
load which will be equal to the voltage of the power supply.

- 53 -
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From the theory of infinite lines it is known that a line le=ded
by a resistance forms within it a square voltage pulse, the duration
of which is determined by the recharge time of the line whizh, im
turn, is determined by the parameters of the artificial long line.
Thus, the best shape of the pulse and the greatest efficiency will be
obtained by completely matching the characteristic impedance of tne
line with the load resistance. (The resistance of the fired thyratroa
may be disregarded due to its small size).

The modulator of the unit uses a two-element artificial line of
the link type. Its parameters are:

16.5 microhenries
4,300 picofarads
68 ohms

0.65 microsecond:

; a) total inductance L
5PN 58 b) total capacitance c
c) characteristic impedance
d) shaped pulse duration T
(for a level of 0,5)

As was noted asbove, the magnetron is the load of the modulator.
But since its resistance for the given operating conditions differs
sharply from the characteristic impedance of the line and is equa: to
- 1,300 ohms, direct connection of the magnetron to the modnlator w uld
lead to mismatching of the line, a significant decrease in effici-ncy.
and to sharp distortion of the shape of the modulating pulse.

In order to avoid this, the magnetron is connected to the mo-ula-
tor through the pulse transformer Tr2-5, which makes it possible o
match the characteristic impedance of the pulse-forming line with the
resistance of the magnetron. In this case the resistance of the
primary winding of pulse transformer Tr2-5, taking into account the
total resistances of its auxilliary windings, is equal to 68 ohms:
that is, the pulse-forming line is loaded by a resistance equal %o its
characteristic impedance.

In addition to performing this matching function, tae pulse
transformer is used to obtain a pulse in the secondary winding having
an amplitude several times greater than the voltage pulse in the pri-
mary winding (on the order of 5,300 # 5,700 v). This makes it pousible
to use the sources of lesser voltage and, consequently, alsc simpiifies
high-voltage protection of the circuit of the unit.

. The pulse transformer has a double secondary windinz through whict

SPN 60 the filament voltage passes to the magnetron. Such a filament swoly
circuit makes it possible to use the transformer as a filament-swoly
transformer under a relatively low voltage., In order to creste a
closed circuit for the variable component of the magnetron anode cur=

- B5 -
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rent, leads 3 and 5 of the secondary winding of the pulse transformer
are blocked by capacitors C2-21, C2-22, C2-23, and C2-2L4, forming a
so-called filament supply circuit with a middle grounding point (fige. ¢3}.

As a result of the fact that the moment of firing of the thyratrer
relative to the pulse of the submodulator blocking oscillator flurtuate:s
from pulse to pulse within the limits of 0.03 to 0.0L microseconde, it
is impossible to provide synchronous operation of the entire station
from the pulses of the submodulator; therefore, a pulse, in addition
to the modulating pulse of the modulator, 1s taken from auxilliary
winding 7-8 of the pulse transformer for the purpose of synchronizing
the operation of the station. This pulse has a duration of C.6 micro-
seconds and an amplitude of 80 volts. (See fig. 18). In orcer tc
avoid parasitic oscillations, the winding is shunted by resistor 1:2-2¢.
To eliminate "noise induetion', the trigger pulse is picked up with tre
aid of shielded conductors.

The trigger pulse is taken from winding 7-8 of transformer Tr2-5
(fig. 18) and is fed through the right half of tube L2-L to the
ranging unit of the station for synchronization. Load resistor R-Ll
is specially selected to match the amplitude of the trigper pulse.

o A 3 kv spark discharger L2-8 R-1 is connected in parallel with

SPN 61 the primary winding of the pulse transformer., In the case of various
malfunctions, such as imn operating the modulator with no load (the
magnetron not generating), the spark discharger does not permit tte
voltage in the pulse-forming line to exceed 3 kv.

A small inductance L2-8 (5 microhenries) is connected to the ano¢e
circuit of the thyratron for the purpose of improving the operating
conditions of the thyratron.

In parallel with the thyratron filament is capacitor C2-17, whiel
serves o eliminate stray pulses from the filament and the filamert
winding of the transformer.

The modulator circuit as used in the given unit has substantial
advantages over other circuits with artificial pulse-forming liner.
This may be seen in the fact that the voltage at the high-voltage »oirt:
of the modulator does not exceed the voltage of the power supply {L,45¢C =),
while the amplitude of the pulse at the load is equal to the voltaze of
the power supply.

In other circuits the voltage in the line and at the anode of the
thyratron is twice the voltage of the power supply (with respect to
"ground"), while the pulse amplitude at the load is equal to the value
of the power supply voltage.

- 58 - 50X1-HUM
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L d) High-voltage rectifier
SPN 62

The high-voltage rectifier operates in a voltage doubling circuix
with two thyratrons type TKh-2 (L2-5, L2-6).

A schematic diagram of the rectifier is given in figure 2kL.

The rectifier and voltage doubling circuit consists of two series-
connected single-phase rectifiers operating with a capacitive load.

One of the single-phase rectitiers is formed by the secondar-
winding of transformer Tr2-l, thyratron L2-5, and capacitor C2-18a;
the other is formed by the secondary winding of transformer "r2-l.
thyratron L2-6, and capacitor C2-18b.

Thus, for one halfeperiod the voltage of the secondary winding
charges capacitor C2-18a through thyratron L2-5, and for the other --
capacitor C2-18b through thyratron L2-6.

The total voltage with respect to the frame which is taken from

- point "a" is equal to - 1,450 v.

The modulator thyretron is the load of the rectifier.

Divider resistors R2-22, R2-23, and R2-2); (1 Megohm each) are
connected in parallel with capacitor C2-18. The purpose of the d&vider
is to create a capacitor discharge cirecult; that is, it is the ballast
load of the rectifier.

These resistors prctect the capacitor from disruption during noe-
load operation of the rectifier.

To provide step regulation of voltage at the output of the highe
voltage rectifier, the primary winding of the transformer is made witk
I taps. By switching the tap, which is connected to a ~ 115 v, LOC cps
SPN 6l network, it is possible to change the voltage in the secondary wirdiag,
increasing it or decreasing it relative to the position of the switch
by changing the transformation ratio.

ye) Firing rectifier for ATR tube

The firing rectifier for the ATR tube is tube TKh2 (L2-10)
(fig., 25).

A voltage of - 750 v is applied to the anode of TKh? from the
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secondary winding of transformer Tr2-10.

The rectifier operstes in a single half-period rectification
circuit.

The rectified voltage is taken from capacitor C2-31. This vrltage
is applied to the firing current stabilizer of the ATR tube, which
comprises tubes L2-15 (SG-5B) and L2-16 (657B).

The stabilizer circuit maintains the load current during charzes
in input voltage as well as during changes in load resistance.

Triode 65S7B is used as a control tube in the stabilizer. In orde:
to compensate for large negative bias formed by a voltage drop at the
cathode resistor R2-39, a constant reference voltage is applied tc the
control grid circuit of the control tube (tube L2-15 (SGHB) is used as
the source of the reference voltage). This voltage acts counter to tre

Lo voltage in resistor R2-39. The voltage 1s taken from potentiometer
SPN 66 R2-78. By using the potentiometer to regulate the bias in the cortrel
grid, it is easy to establish the required load current. Resistor
R2-39, which is connected to the cathode circuit of the control tibe,
represents a current feedback element with which current stabiliz: tior
is achieved during chamges in load resistance. Let us assume thet
the load resistance increases for some reason, This causes & decraase
in the anode current and a voltage drop in resistor R2-39, and, ccnse-
quently, a decrease in megative bias at the grid of control tube I2-1£.
The resistance of tube k2-16 for a constant current will droo and the
load current will remain almost unchanged. With a decrease in lozd
resistance the bias at the grid of tube L2-16 increases, the resietsnce
of tube L2-16 increases, and the load current also remains practirally
unchanged.
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16. High-Freguency Device of the Recelver-Transmitter Unit

'SPN 67
a) Function

The high-frequency device of the receiver-transmitter unit ie
designed for generating powerful high-frequency pulses, for transrit-
ting the energy of these »ulsass to the antenna-waveguide system, tfor
switching the antenna~waveguide system from transmii to receive, &nd
for converting the recelved high-frequency signals to i-7 signals.

The high-frequency device includes the following elements:

high-frequency magnetron oscillator;
antenna switch;

receiver mixer;

AFC mixer; and

klystron oscillator.

%)} The high-frequency device

In order to perform the above functions the radio-freguency head
is arranged according to the block diagram shown in figure 26.

The antenna switch consists of a main waveguide with a discharge
tube for blocking the magnetron (BP) and one wide-band iischarge tube
for protecting the receiver (RZP).

When transmitting, a high-power pulse from the magnatron causes
the discharge tubes to disrupt and fire and an infinitely large resis-
tance is created at the inpgt to the receiver channel (according to

. the rule of quarter-wave sections of long lines); in this case ak. the

SPN 69 energy of the magnetron passes to the antemna without significant
losses, and the receiver mixer is blocked to the degree that the
leakage power to the receiver channel cannot cause damage to the
crystal detector.

During reception of the reflected signal from the target, the
magnetron channel is blocked by the transmitter blocking discharge
tube, and since the tube is located at a distance which is a multiple
of half a wavelength in the wavegulde from the receiver protection
discharge tube, an infinitely large resistance is formed at the input
of the magnetron channel which prevents weak-signal losses in the mag-
netron branch.
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Thus, the received signal enters the mixer of the receiver without
significant losses. At the same time, the mixer receives high-frequency
oscillations from the klystron oscillator which operates continuotsly
at a frequency differing from the received signal by the value of the
intermediate frequency.

Due to the nonlinear characteristic of the crystal detector, an
i-f signal voltage appears at its output and passes to the j-f ampli-
fier,

Simultaneously, the firing voltage is applied to the trigger
electrode.

. There is a separate channel for the AFC system which is connectec

SPN 70 to the magnetron channel through a cutoff attenuator. The purpose of
the attenuator is to wesken the power diverted to the magnetron chan-
nel to the level required for normal operation of the AFC mixer.

Operation of the AFC mixer is identical to that of the receiver
mixer,

The difference frequency signal taken from the output of the
AFC mixer enters the input of a special circuit, and from the output
of this circuit a control voltage moves to the reflex klystron. lence,
the frequency of the klystron oscillator is regulated by the AFC cir=
cuit by changing the voltage applied to the klystron until the diiferen:s:
between the frequencies of the klystron and the magnetroa equal the
intermediate frequency.

In this manner, up until the ﬁoment of arrival of the signal re-

flected from the target, the frequency of the klystron oscillator is
adjusted to the frequency of the received signal.

v) The magnetron oscillator

The range-only radar "Kvant" uses a type MI-158 multicavity
magnetron to generate high-frequency oscillations.

At the present time multicavity magnetron oscillators are the
basic type of radar oscillators for the centimeter-wave band. Thw.s can
be explained by the fact that multicavity magnetrons have a numbe - of

- advantages over other types of high-frequency oscillators. Ior in=-

SPN T1 stance, multicavity magnetrons are capable of providing large valnes
of power in a pulse of comparatively small average power, and thev
have a high efficiency which may reach 70%.
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The magnetron oscillator operates in a pulse mode with a pulse
repetition rate of 800 éps and generates high-frequency pulses having
a pulse power P » 5 kw. requency of the high-frequency oscillations
is 9,370 & U5 Mec.

The principle of operation of the magnetron may be represented by
a diode in which the flow of electrons is acted upon not only by &n
electrical field, applied between the anode and cathode, but also a
magnetic field which is coreated with the aid of permanent, maznets and
directed perpendicular to the electrical field.

As a result of the action of the electrical and magnetic fields
on the flow of electrons, the trajectories of the electrons are dis-
torted. Their movement may be represented by the curves shown in
figure 27.

This curved electron flow, in passing close to slots which con-
nect the cavity resonators with the cavity between the anode and
cathode, releases its energy and excites high-frequency oscillations
in the cavity resonators which, by means of coupling loops, are fed to
the main waveguide,.

The cavity resonators and the slots form the oscillatory system
of the multicavity magnetron; the shape of one resonator with a slot
is shown in figure 28.

- Thus, the cylindrical portion may be considered an inductance L,
SPN 72 and the flat portion -- the capacitance of an oscillatory circuit
whose natural frequency £, may be approximately determined from the

formulat:
£ o=

ZﬁQLC

In view of the presence of meany resonators in the magnetron, its
oscillatory system proves to be very complex and, &s is known, ha& not
one but several resonance frequencies. In order that oscillations of
only one frequency be excited in the system and that the frequency of
the oscillations be stable, so-called cavity resonator strips are used.

The cavity resonators are arranged in a circle in a heavy copper
block. A coupling loop is inserted into one of the resonators to con-
duct the high-frequency energy to the main waveguide, which transrits
it to the antenna. One end of this loop is soldered to the wall ¢f
the resonator and the other end is placed within the waveguide. &n
inner wire of the line passes through a glass geal which serves te
hermetically seal the imner space of the magnetron.
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In the middle of the anode block is a cylindrical heater cathode,
which has a comparativaly large diameter, providing a sufficiently
large actiwe surface nscessary to obtain a large emission current. In
both sides of the cathode are shielding discs which improve the st~uc-
ture of the field in the interaction space.

- The cathode is fastened within the magnetron by means of holders
SPR ) which serve simultaneously as the cathode and filament leads.

A node on the holder performs the function of a high-frequeng.
choke and prevents the flow of high-frequency energy through the fila-
ment leads.

A permanent magnetic field is created with the aid of a magnetic
system consisting of a horseshoe magnet.

When a negative pulse equal to 5,500 v flows to the cathode of
the magnetron, the magnetron is excited and generates high-frequency
oscillations which, with the aid of the coupling loops, are fed to the
waveguide.

For convenience and safety of operation, the anode of the magne-
tron is grounded (since it is not convenient to insulate the anode
because of the large dimensions involved), and a modulating pulse »f
negative polarity is applied to the cathode.

g) Schematic diagram of radio-frequency head

A schematic diagrsm of the radio-frequency head is given in
figure 29.

The radio-frequency head consists of three basic parts: the
antenna switch, the oseillator (heterodyne), and the mixer device.

We will examine each of these parts.

Antenna Switch

SPN 75
The antenna switch, as was noted above, consists of discharge
tubes for blocking the transmitter (RBP) and for protecting the
receiver (RZIP),

Discharge tube tyoe RR-50 is used as the RBP and wide-band dis-
charge tube RR~-21 is used as the RZP. Both types are designed to

- 68 -
SECRET

50X1-HUM

\
Declassified in Part - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9



Declassified in Part - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9

PN 77

SPN 78

SECRET

50X1-HUM

operate in the required frequency range,

For purposes of improving matching, a part of the main wavesuide
in the plane of RZP is made in the form of a 120-degree degenerate
Y-joint. To accelerate the discharge, the RZP is equipped with &
special firing electrode which is supplied by a current-stabilized
firing rectifier.

When operating the antenna switch under low~temperature conci~
tions, special attention should be devoted %o one other parameter of
the discharge tubes -~ the recovery time. It is known that recovery
time increases sharply with a decrease in ambient temperature. This
means that the sensitivity of the radar set at negative temperatures
will be considerably less than required durlng the recovery nerioi of
the discharge tube, which corresponds to a range of 1,000 to 2,000 m.
Therefore, a warming system is used in the antenna switch to achisve
a normal recovery time.

The warming system comprises a heating element and a thermo-
regulator.

A schematic diagram of the system is given in figure 29.

The heating element and thermoregulator are placed in discharge
tube RE-21. The magnetron blocking discharge tubes do not have specirl
heaters since they have less effect on the total recovery time of the
antemna switch.

Let us examine the heating svstem for RZP.

Under normal temperature conditions when the set is switched on,
contacts 2 of the thermoregulator are open and the heater is switrhed
off.

The thermoregulator has been adjusted so that contacts ? close
at a temperature of no less than + 5°C, and open at a tenperature
greater than + 40°C, The heater for the discharge tube are switched
on in this manner through contacts 2.

As soon as heating begins, the temperature in the shell ot thez
discharge tube begins to rise.

Thus, the heater system will automatically maintain the “empera-
ture in the shell of the discharge tube within limits up to + LO°C

with ambient temperatures up to - 60°C. A bimetallic strip relay is
used for the thermoregulator.
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Mixer Device

The mixing device is designed as a balancing network. Highe
reliability silicon detectors type DLOS-B, DLOS-BP are used as mi-iers
in the receiver channel, and type DLOS=-A, DLO5-4AP in the AFC channel.

The use of a balancing network makes it possible to suppress
klystron noises at the output of the mixer; thus, there is a gaii: in
sensitivity on the order of 2 db. The balancing part of the mixer is
a slotted bridge. The bridge connections are compact and wideband.

The slotted bridge is formed by two sections of a rectangular
waveguide with a common with a common narrow wall. In this commo::
wall is a slot which forms a coupling section between the two wave-
guides (fig. 30),

The properties of the slotted bridge are completely identical for
any arm under conditions when the remaining three arms are loaded with
matched loads.

If a power is applied to arm "1", it will be divided in half be-
tween arms "3" and "L" and will not go through arm "2v,

This property of the bridge is explained by the fact that twec
types of waves originate at the boundary of the coupling section whiek
compensate for each other in arm '2V,

An important property of the bridge is that the wave in arm ®i»
leads the wave in arm "3" by 90 . Thus, the power levels in both arms
are identical. With a phase shift differing from 90 , the division
of power in the arms is unequal.

In the practical design of the slotted bridge, equal power distri-
bution at the average frequency of the wavehand is achieved bv tuning
the slotted bridge with a capacitence control screw.

When the slotted bridge is used in the balancing mixer, crystal
mixers are attached to arms "3" and "4". A mixer eircuilt with reversei
polarity of the crystals is used in the described radio-frequency nead
(see fig. 31). This drawing shows only the high- and intermediate-
frequency circuits.

Let us examine how klystron noise suppression occurs in this -ase.

The physical nature of i-f noises of the klystron are the same as for
the received i-f signal. At the same time, the noise components of
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the noise spectrum of the klystron, the frequency of which differe
from the carrier frequency by the value of the intermediate frequency,
are mixed with the carrier in the mixer and produce klystron noise,
which have been converted to i-f, at the output of the mixer. The am-
plitude of these noises is proportional to the power of the klystron.
From here their further amplification in the i-f amplifier is undesir-
able, since they increase the total noise of the receiver and decrease
e sensitivity.
SPN 81
Mathematical analysis shows that if the signal were directed irte

the same arm as the oscillations of the local oscillator, tkere weuld

appear at the output of the mixer with reversed polarity crystals

i-f voltages which would be equal in amplitude but opposite in phéase.

If the signal were directed into one arm and oscillations into
an adjacent arm (see fig. 31), the i-f voltages at the output would be
equal in amplitude and in phase.

Following this explanation it is clear that the oscillstor neises
entering the same arm as the carrier are cancelled at the output, whils
the i-f voltages of the signal are added, since the oscillations o tha
signal and the oscillator enter different arms of the slotted bridre.

Figure 32 shows that in the d-c component circuit both crvstals
are connected in series and the same current passes through the crvs=-
tals. Therefore, it 1s possible to control the current of anv one
crystal. This control is carried out by measuring the voltage dre»
across a known measuring resistor (in our case, 100 ohms.)

Series connection of the crystals in the d-c component cireuit
provides for automatic positive field current in one crystal from the
current of the other. Such a mixing cifcuit has a balancing action.

No matter to what extent the crystals differ in d-c resistancs, imoe-
o dance at high frequencies, and in other parameters, when thev are zon-
SPN 82 nected in such a circult the current in the crystals becomes complztel -

identical and the parameters of the crystals approach each other.

This latter condition' is very necessary from the viewpoint ot
the degree of suppression of klystron noises.

As seen from the aircuit (fig. 29), the balancing mixer has a
single-cycle output and is conmnected to the input of PUPCh (i-f amoli-
fier) by a single high-frequency cable.

From the viewpeint of coupling to the input of the i-f arplifier
and measuring crystal currents, a balancing mixer with reversed cr.s-

-~ -3 -
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tal polarity in no way differs from a single-cycle mixer.

In the AFC mixer channel (after the cuseff attenuator [7]1) (ace
fig. 29) is a varkbk resistive attenuator [6] for adjusting the s.gnal
amplitude from the main waveguide to the necessary value. ‘he cusoff
attenuator is a circular opening in the waveguide. The attenuation of
the cutoff attenuator depends on the diameter and length of the anening.
An Alsifer probe is inserted into the opening of the attenuator tc
suppress high harmonics of the masmetron signal.

The variable attenuator is a pertinax plate covered with carbon.
Maximum attenuation of the attenuator is not less than 25 d4b with a
standing-wave ratio of no more than 1.lL. Attenuation of the cutoi'f
attenuator is equal to 51 % 3 db.

, Current in the AFC crystals is measured in the same marner a¢ in
. the receiver crystal -- with the aid of a special filter box consistirns
SPN 83 of capacitors and inductances.

Oscillator

Klystron K-27 is used as the local oscillator in the r-f hear of
object RB6-2M,

R-f oscillations from the oscillator [1L] enter the head through
a special coaxial waveguide junction [15] (fig. 33) which is connected
to one of the arms of the distributing slotted bridge. The energy of
the oscillator is distributed in the slotted bridge between the AFC
and the receiver channels. The fourth arm of the distributine sletted
bridge is loaded with a matched absorption load made in the form of a
wedge of special shape. The standing-wave ratio of the load is no
greater than 1.2 [16].

The oscillator and antemna channels are bypassed througa the use
of the balancing circuit of the mixers, which eliminates the passace
of energy from the oscillator to the antenna and the signal to the
oscillator.

Regulation of the power of the klystron entering the mixer is
accomplished by the use of variable attenuators [l,5] of the lamimated.
knife-type. Attenuation is introduced by lowering the plates inte the
waveguide. Attenuation is not less than 25 db with a standinec-wav:
ratio not greater than 1l.4. The absorbing plates improve the mate :ing
of the klystron load.

SECRET

50X1-HUM

Declassified in Part - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9



|
Declassified in Part - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9

Declassified in Part - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9



Declassified in Part - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9
SECRET | 50X1-HUM

50X1-I—fUM

d) Design features of the radio-frequency head

SPN 85
A general view of the radio-frequency head is given in figure 3k.

In order to decrease weight, the entire radio-frequency head is
made with aluminum waveguides. The slotted bridges, attenuators, and
the detector section are made of 10 X 23 mm waveguide sections.

For compactness, the entire receiver section of the radio-fre-
quency head is designed in the form of a four-component subassemblv,
A1l four detector sections of the two balancing mixers are located in
a line, and replacement of the crystal detectors may be carried out
from one side of the radio-frequency head.

When replacing the crystals it is necessary to make sure that the
type and polarity of the crystals correspond to the type and volarity
specified in the r-f head. When this is not done, crystsl current wil.
be very small or close to zero and sensitivity will drop sharply.

‘ The r-f head has two controls for regulating the erystal current
b 87 of the receiver and AFC mixers. The controls have lock nuts.
£
- The local oscillator section:is attached to the unit separately
from the remaining part of the r~f head and is connected to the latter
by means of a coaxial waveguide junction.

The radio-frequency head also has a filter box consisting of -a-

pacitors and inductances which are connected to the erystal curren:
measuring circuit.

17. Automatic Frequency Control of the Klystron

AFC (Figure Li2)

The frequency of the magnetron oscillator and the klystron oscil-
lator may change during operation of the radar. This change may be
caused by a change in ambient temperature, pressure, power supoly
voltages, or for other reasons.

At the same time a change will occur in the intermediste frequen-
cy, which is equal to:

gint. = &kly. - s:mag. 5

- - 77 =
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where: g~int. is the intermediate frequency, gklyu is the frequency

of the klystron oscillator, and 9 mag. is the frequency ci' the nmagne-
tron oscillator.

The AFC system is intended to maintain a constant intermedi.te
frequency by electronically adjusting the frequency of the kKlystiron
oscillator to that of the masnetron oscillator. The AFG system operetas
from the natural pulse of the transmitter. For this purpose there is
a branch in the main waveguide line through which part of the enETgEy
of the magnetron oscillator is diverted to the mixing chamber of the
AFC, This branch of the wavegulde line is a cutoff attenusator with &r
attenuation on the order of 50 db.

This attenuation is determined by computing the maximum leakage
power to the crystal which will provide for its normal operation.

The load of the crystal detector is the input circuit of the AFC
circuit in which the difference frequency voltage is derived.

Operation of the A7C is of & "searching" nature.

The "searching" APC is capable of tuning the klystron oscillator
within wide limits.

The AFC circuit functions in the following manner:

At the moment of emission of a main pulse, a difference fregiencr
pulse passes from the crystal mixer to the input eircuit, which is
tuned to a difference frequency of 30 Mc.

The first stage of L2-17, comprising tube 6ZhlB, is the i-f ampl:i-
fier whose anode load is the standard band circuilt TR2-8, which is
tuned to a frequency of 30Mc.

The bias in the control grid is automatic and is formed by a drey:
in voltage across resistor R2-47. Capacitor C2-39 is blocking farr the
difference frequency. Capacitor C2-38 blocks the secreen grid and is &
filter for the + 150 v eircuit.

The amplified difference frequency pulse passes to the contrrl
grid of tube L2-18, whi¢h is the second i-f amplifier stage. Ampiifi-
cation of this stage is controlled by changing the negative bias &t
the control grid of the tube. A change in bias is made with the Bid
of potentiometer R6-5 ("AFC (ain") located on the control panel K«H,

In its normal state tube L2-18 is closed and opens only at the
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SPN 90 moment of emission of the main pulse, when a positive AFC trigger
pulse (80 v) is applied to the screen grid.

Thus, the AFC system operates only on the basis of a natural
gignal, and will not respond to other signals.

From the anode load of tube L2-18 == a resonance circuit comori-
sing coil L2-20, the output capacitance of the tube, and the mounsing
capacitance, a signal passes to the discriminator, which is based on
tube L2-19 (6Kh2P) (Fig. 35).

The discriminator is one of the basic elements of tie AFC system:
it converts the change in difference frequency to changes in ampl: tude
of a video pulse, the value and sign of which vary accoriiny to chang-
es of difference frequency relative to a frequency corresponding *o the
zero error signal of the discriminator or, as we will henceforth call
it, the crossover frequency.

The input circuit of the discriminator (coil L2-21 and capac: tor
C2-4i6 and C2-47) determines its most important characteristics: the
width of the frequency band (the frequency separation of the positive
and negative humps of the frequency characteristic), and the cross-
over frequency.

- 81 -~
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Resistor R2-59 and capacitor C2-49 maske up the load of one d'oje y 92
of the I2-19 tube, while the resistor R2-60 and 02-50 make o the 1o
of the second diode of L2-19.

These loads arz connected symmetrically with respect to the dis-
criminator, while the voltages on them are subtracted. Corisecuently
the output voltage of the discriminator represents the iifference of
voltage taken off the load of each diode of the 12-19.

Shown in figure 36 are all glages of the transition fron the
schematic diagram of the input circuit to the equlvalenc circuit.

According to the diagram, capacitor Ca is equivalent to the
capacitance introduced in the circuit by both diodes. Capecitors
C2-46, c2-47, and C3 make up a triangle which is replaced by an
equivalent star of capacitors Cl, Cys Cgp-

- Resistors R2-57, R2-58 make up the "middle point" of tre coiil
12-21, and are replaced by one resistor Ra, directly connested with
the middie point of the coil 12-21.

Shown in figure 37 is the complete equivalent circuit »f Lhe
disceriminator. Tn th2 circuit, preceding the diseriminstor. the
L2-18 tube amplifier 1s replaced by an equivalant generstor "7,"

Half of coil L2-21 .nd capacitors Cl and CII make ur two
resonant series circuits, tuned to frequencies £, = 28 and £, = 32
megacycles.

With a change in the value of the inductance of the coil 12-21,

a certain retuning of circuits I and II is possible, and SR

consequently, a change “n certalm range of frequencies for :ae

- 83 -
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- erossover of the discriminator response. Since the 3-factor ot
the circuits is differant, amplitude asymmetry of the negative
and positive humps of the frequency characteristics results.

Since in the circuit uvnder examination only the positive fnmp
of the frequency characteristic of the discriminator is uvs~d,
the amplitude asymmetry o1 the humps is quite permissible and
is even desirable.

As a result of applying a freguency difference pulse on its
input, a video pulse ["signal-error”] is generated at the output
of the diseriminator. The magnitude and sign of the error signal
depend entirely on the extent of deviatlon at a given instapt, of
the difference of heterodyne nnd magnetron freguencles from tne
intermediate frejuency. ‘‘'he charecteristic of the discriminator
is shown in figure 38.

If the difference frijuency is less than the crossover trejuercy,
the error signal is positive and is all the higher In amplitude tie
greater the difference frequency differs from the crossover freque ncy,
and vice versa, if the difference frequency is greater than tne
crossover frequency, then the error signal is negative and is all the
higher in amplitude Lhe greater the difference freguency difters Irom
the crossover frequency. From the output of the discriminator the
error signal passes through capacitor C2-51 to the control grid of
the video amplifier tube L2-20-a [6N3P] and from the plate load of
this amplifier R2-62 to the second stage of the video amplifier

[12-20-b].
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From the plate of L2-20b the video signal passes through » 96
capacitor C2-56 to the cantrol grid of the regulator tube [2-2'b
[6N2P], which operates as a grid-leak detector.

We examine the operation of the grid-leak detector shown in
figure 39.

If on the last video amplifier a positive video pulse appears,
then capacitor C2-56 starts to charge up with respect to the $2-56
circuit: the grid-cethode section of the tube 12-21b, C2-57a,
ground, the 150-volt power supply, R2-66, R2-65, C2-56.

The time constant of this circuit is small, since during the
time of duration of the video pulse the capaclitor is able to
charge up almost to the amplitude value of this signal.

After termination of the video pulse, the capacltor starts to

- discharge through the circuit: internal resistance of the tube
12-20b, ground, capacitor C2-57a, resistor R2-T75, capacltor C2-56.

The time constant of this circult 1s larg;, and capacitor
C-56 is not able to discharge complately before the arrival of the
next pulse.

The discharge current causes the appearance on reslstor R2-75
of a voltage, applied negatively with respect to the control grid,
which drops the current through tube 12-21b.

Because of this, the voltage drop acroses resistor R2-73 is
lowered, and the negative voltage at the output and feeding the
klystron heterodyne repeller rises, which increases the generating

frequency of the klystron.
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Therefore, the nax: pulse arriving in the APCh (AFC) system 8
will:have a higher difference frequency. In the diserimina or,
this pulse 15 converted to = video pulse with a smaller amiitude thras
the preceding video pulse. This is clear from the frequency chavacterict -
of the discriminator (figure 38),

Since capacitor C2-55 is not able to discharge completely before
the arrival of the next video glgnal, it is only given an additicnal
charge from this signal, but of & smaller magnitude,

In the event of arrival of the pulse at the input, the d4iffer=nca
frequency which equals 30 megacydles, in the grid detector is eatabltaied
balance, i.e., the capacitor is given an additional charge amal o
the discharge prior to the arrival of the next video pulse. At tha
output of the AFC, in this case, the voltage, which is fed ‘o the
klystron repeller, is changed little and the klystron fraguency
remaing, in fact, fixed.

If the difference frequency 1s changed in s manner such that 4+
becomes larger than the crossover frequency, then the circuit of
the AFC converts to the search mode. On the output of the discrim narr
and subsequently, on the output of the video amplifier, will app=ar
negative pulses, which will not provide an additional charge o camef- -
c2-56.

Consequently, the negative voltage on the grid of tube 12-21b will
be lowered, which will lead to an increase in the plate current of
tube IL2-21b.

Moreover, the negatives voltage on the cathode of the -ube
L2-21b will be reduced so rapidly and reach such a value that the

blocking generator tube [L2-21a] opens.
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The blocking generator [L2-21a] operates in a walt mode.

The oscillations of this generator, from the cathode of the tuae
L2-21a through capacitance C2-54 and resistor R2-59, are applied >
the grid of the video amplifier [tube L2-20b].

Since there is a zero potential on the control grid of this fuoe,
the positive pulses of the blocking generator are clipped because >f
the grid currents of the tube, while the negative pulses, which were
previously differentiated, are amplified.

From resistor R2-65, which is the plate load of tube 1L2-20b,
the amplified pulses of positive polarity are fed to the gria
detector [tube I2-21b].

As a result of the detection of these positive pulses,
capacitor C2-56 charges.

Moreover, the negative grid bilas of 12-21b increases, which
leads to a drop in the current of this tube and an increase in the
negative voltage at the rathode.

This increase in negrtive voltage reaches a value such that the
blocking generator tube is cut off.

After this, capacitor C2-57 begins to dischargs slowly until 4t e
blocking generator does not open again.

This "search mode"” will be continued until the differ=nce
frequency remains equal. to 30 megacycles. Now, the APCh (AFC} cir-uit
is automatically returned to a regulating mode, while the blocking G B
generator at this moment is cut-off.

A potentiometer R2-T7l serves to establish the necessary value
of the reference voltage for the APCh search, with the aid of whiah
the voltage on the cathofle of the blocking generator is ra2gulated.

This voltage is established ir a manner such that 1its value corres.ond:

‘ = 90 - | ‘ 50X1-HUM
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to the middle of the generating region of the klystron.

A general view of the APCh (AFC)} is shown in figures 40 ang L1
The schematic dlagram is shtwn in figure: L2,
18. Structural Design of the Unit [Figure L3]

The receiving-#ransmitting unit is structurally on a welded chas:is,
which is rigidly fastenled by screws from the front psnel, The chassis of
the unit is housed in a cylindrical case on which & ring moves to fasten

the éase to the front panel of the unit, The maximum diameter of the
unit D = 240 millimeters, the length L = 368 millimeters.,

To provide the unit with the neceassary air tightness. from the
internal side of the front panel, there is a circular groove containiag
a rubber lining,

The flange of the case is fastened to this lining by the movable
ring using screws with washers and springe., There are fins on the case
to increase the cooling surface.

On the fyont panel of the unit are located:

a) 17-pin sealed plug-type connector for connetion with the
intermediate cable.

b) Sealed waveguide outlet for connecting the antenna-waveguide
system to the receiving-transmitting unit,

v) Sealed high-frequency plug-type connector which serves %o {SPN 201}
connect the PUPCh with the main UPCh.

g€) Sealed high-frequency plug-type conﬁetor for bvlanking pulse
outlet.

d) Nipple for pumping air,

-91 -
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Perpendicular to the front panel is fastened the chassis wnich

~ has openings of complex configuration through which pass the proje:ting
sections of the radio freguency head, the magnetron, and bthe =unvelope
of the thyratron.

Located on the chassis from the top are: intermediate frequaecy
preamplifier in the form of & separate subpanel, APCh (AYC) subparpel,
recharge choke, pulse transformer, K-27 klystron, switch for primesy -
winding of high-voltage transformer, shaping line.

Locatsd underneath the chassis are: radio frequency hesaa,
magnetron, high voltage transformer, filament transformers, i=n moLul

The magnetron gensrator is located so that the magnebts wilh © &
oscillatory system of the magnetron are located in the lower part
of the unit and the leads of the magnetron filament and the catueie

- are located in the uppsr part of the unit.
V. Range-only Radar Raceiver Unit .
19. Function of Unit
The range-only radar receiver unit is designed for:
a) Amplifying intermediate frequency signals and converLing;
them to video signals
b) Search, lock-vn, and range tracking of the targzet iu the
pperating range, and geuerating a voltage proportional to T
range to the target Tor two operating modes.

v) S8ignalling the lock-on of the target

In the absence of signals reflected from the target, tas uni. is
in the search mode. The search range is set by the "Rs-S$" switch

- - 92 -
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located in the pildt's cabin. With the appearance of a signal reflected

from the target, the unit is switched to the tracking mode and generates
a voltage which is proportional to the distance to the target. With the
simultameous appearance of several targets in the zone. swept by the
range-~only radar, the system for determining dfstance will ock-on ti.
closest one of them, and a voltage will be established on the output

of 'bl'ie upit proportional to the distance to it.

a) Search limits
in "A" mode -~ 200-3,200 meters
in "B% mode -~ 800-7,500 meters PN 1741

b) Dependence of rang= voltage on distance to target:

in "A" mode -- Ud [v] = 195 - D[m]

20

- in "B" mode =~ Ud [v] = 195 - D[m
'?Jo

¢) Maximum statistical error of introducing range voltage:
in "A" mode -- no more than £ 15 meters in a distance
range of };00-2,000 meters
in "B" mode -~ no more than % 100 meters in a distance
range of 800-7,000 meters

v) Search frequency -=- 1 cycle % 0.2 cycle

d) Resolution == 200 meters

e) Storage time -- 2-3 seconds

sh) Triggering lag time of relay R7Z-3 - 1-1.5 seconds

%) Dimensions of unit -- 300 x 152 x 180

1) Weight of unit -« 4.7 kilograms

50X1-HUM
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21. Description of Unit Operation Based On Functional Diagram (figure b3y

a) Search Mode

The negative triggering pulse, taken off of the winding of the vulse
transformer of the modulator [unit RB6-2M], arrives in unit RB6-3, and
through diode L3 is fed to the plate of the multivibrator for triggering
a "fast saw" [13-13]. The multivibrator is triggered by this pulse
and generates a positive Bquare wave of at least 50 microseconds,
triggering the "fast saw" generator. The "fast saw" generator
[L3-14] generates a negative saw~toothed pulse which is sent to the
comparator circuit. The frequency of the saw-toothed pulses of the
"fast saw" has the repetition frequency of 800 cycles, the emplitude
changes from 195 to 35 volts.

b In addition to saw-toothed pulses at the input of the camparison cir- [p 109]
cuit, a voltage arrives which is generated by the search circuit. Th.s Vel g
age also changes according to the saw-toothed law, but approximetely 50,0(¢
times slower then the voltage of the "fast saw" [frequency of 1 cyclel.
This voltage is sometimes called "slow saw", and the circuit generatirg
this voltage, the "slow saw" generstor. The "slow saw" voltage varies in
the range from 135 to 20 vélts.

As a result of comparing the "fast saw" and "slow sew" voltazes, =
negative pulse is generated on the plate of the comparator diode fL3-15],
the onset of which, as the "slow saw" voltaege decays, lags more and mo e
behind the triggering pulse of the transmitter. This pulse is amplified
by L3-22a, differentiated, and again amplified by L3-16a. The puise on

the plate of L3-16a triggers the range pulse blocking generator L3-16b.
e - 99 -
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The blocking generatar generates a pulse with O.7-microsecond
durstion and an amplitude of 100 volts called the range pulse.

This pulse is fed to the time @iseriminator circult on tae screen
grid of the coincidence tube [L3-16] and through a O.lt microsecond
delay line to the screen grid of L3-18. The pulse taken Crom Lhne ©=ia}
line is sometimes called the "gecond" range pulse.

As is clear from figure 7, in the gearch mode, as the "sliow san™
voltage diminishes, the jange puls=s are shifted in the direction A
of an increase in the range. Therafore, with the operation i the
"slow saw" generator, they pass periodically, once & gsecond, Lirouh
the antire distance rasg-=.

From the plate of ths receiving chamnel {L3-7], the noise voltuge
arrives at the output of the circuit for automatic gain control of nois:.

- The circuit maintaims a constant receiver noise level with a varis-
tion in external factors ( power supply voltages, tube aging, etc. .
To eliminate the influence on the operation of the AGC ndise circuit o
reflected signals, the circuit is modulated by a negative puise Q. abui .
50 microsecond duration, applied on the suppressor grid of Ls-Y.

The windings of relays R3-1, R3-2, eand R3-3 in the sear:aa mod =
are de-snerglized, the r=lays are in the released state.

b) Tracking Mode

The pulses reflected from the target, preamplified “n th=
receiving-transmitting unit, arrive at the input of the intermedaate
frequency emplifier [L3-1--L3-5]. Amplified in the ypPca (IF amp.) &<
datected by the second d=tector [L3-6a], the target signael arrives &:
the input of the videso amplifier [L3-Tal. After amplificat’on GATOW
the cathode follower L3-({b, the target pulse is fed to the input of

the #ime discriminator {L3-18, L3nr§£bRET - 100 -
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< No coincidence circuit and the recharging diodes with tre

capacitance integrator {sometimes called tﬁe diffference detector

maks up the time discriminator. In the search process, “he range . bil
pulses, passing through the entire range band, at a certain time

coincide with the target pulse. Negative pulses appear on the

plates of the coincidence tubes, feeding imto recharging diocdes and

the automatic lock-on circuit. Relay R3-1, which is the primary

actuator of the automatic lock-om circuit, operates and engages

relays R3-2 and R3-3.

After operation of wall relays, the unit converts from tia= seg.ch
mode to the tracking mode. One of the relay contacts feeds a sigaal
of -27 volts to the sight and the "lock-on" signal lamp in bLhe
sight goes on.

Starting from this instant of time, the position of the range
pulses is not controlled by the Yslow saw" voltage, but by the
voltage produced by the control unit circuit and depending on the
magnitude and sign of the error arriving at the imput of the dupiex
integrator from the tim= discrimimator circuit.

Relays R3-2 and R3-3 switch over the elements of the "slow seaw”
generator circuit {L3-23], and the latter becomes the second

integrator of the control unit.

- 101 -

| ~BCRET 50X1-HUM
Declassified in Part - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000‘300170001-9




Declassified in Part - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9
50X1-HUM

The voltage on the plate of the first integrator [L3-261,
which until lock-on is determined by the "wait" voltage taken Off
of the grid of L3-26 from the divider R3-36 and R3-133, after
relay operates will be dstermined by the magnitude and sign of
the error current from th= output of the time discriminator.
Upon lock-on on the target, the target pulse usually noLl2
coincides with the secosd range pulse at first. Now, the time
discriminator circuit produces the negatlve error current {[in =he

direction from the first integrator amnd to the time discrimipator].

50X1-HUM
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Tube L3-26 in this case cuts off and the voltage on its plete
increases, which results in the opening of relay L3-23 and, sub-
sequently, the reduction in plate voltage. This voltage
controlé - - the range pulses through the cathode follower L3-g2b.
The reduction in this voltage brings . about’  the shift of
range pulses toward a large range, that is, the range pulses co-
incide with the target. During the movement of the target, for
example, on the approach » greater. agreement takes place betwesn
the target and the first range pulse. Moreover, the sign of the
error current becomes positive, tube L3-26 opens, and tube L3-23
cuts off. The voltage on the plate of L3-23 rises, which causes
the range pulses to move toward the same side and at the same ra-e
as the target pulse.

Range tracking is effected in this manner. The properties
of the control unit cirecuit with two integrators make is possible
to track a target moving at constant velocity without dynanmic
error, while the voltage on the plate of the first integrator
(L3-26) is proportional to the veloeity of the target.

The voltage controlling the movement of the range pulses amd [ 31 113]
takgn; off of the cathode follower L3-22b, during tracking is
proportional to the distance to the target. This voltage goes
through the cathode follower L3-2la and is fed: a) in mode A"
to the sight computer, b) in mode "B" to ccuﬁparat,};,r unit K-8.

Relay R3-3 trips within 1-1.5 seconds and the lag of the
servo mechanism of the range unit increases, as a result of whick
Tluctuations in the reflected pulse do not affect the range voltase.
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At the seme time, relay K3-3 transmits a smoothing signal to unit RBt-5
which inereases the lag cof the servomechanism of the velocity unit.

To maintain a constent target signel level, there is & device frr
automatic pulse gain control in the renge unit. The pulse arrives
at the circuit input from the emplifier plate of the asutomstic lock-cn
{13-19a].

This pulse is amplified, detected, and as a negative bias is fed
to the control grid of the UPCh tube through the cathod follower L3-10.
It 1s essential that the reflected signel be mainteined at a
constent level to provide accuracy in determining the distance to the

target.
The operation of the ARU noise eircuit is identical in the searea
mode and in the tracking mode.
- A detailed description of the operation of the elements in the
ARU circuit is given in the section titled "Receiver'.
22. Description of the Operation of Unit Based On Schematic Diagram

(Figure 73) ip 116]

a) Trigger Multivibrator [Figure 49]

For normel operation of the "Fast Sew" generator it 1s necessary that
the pulse have an amplitude of at least 25 volts and a duration of 50 mici<. -
seconds. This pulse is generated by the multivibrator, which 1s assenibled
on the basis of & circuit with cathode coupling to tube L3-13 [6N3D].

In the initisl state the right half of the tube 1s open, since

there is a zero potential on the control grid and the
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cathode, through R3-60, is connected with a-iSO-volt source., The
current ©Of the right half of the tube, flowing across the cathoxie
resistance [R3-69], creates a voltage drop across the cathode
closing the left half of the tube. The initial voltage from the
divider R3-126 and R3-127 is applied on the grid of the left half
of the tube. The magnitude of this voltage is chosen so that
taking account of the .biss in the cathode the left half of the
tube will be reliably closed in the initisl state, and the multi-
vibrator will be triggered dependebly upon applicétion of the
triggering pulse. The multivibrator is triggered ﬁhrough the
cut-off diode L3-12b, which is necessary for clipping off the pesi-
tive portion of the triggering pulse. \

With the presence of a positive blip in the triggering pulse.
the multivibrator becomes critical with respect to the magnitude
of the triggering pulse and,consequently, undependable in opera-
tion.

The triggering pulse is fed through the diode to the plate  [S8FF 117}
of the left half of the tube and through the capacitor C3-47
to the control grid of the right half, thereby closing it.

The current in the right half is diminished, lowering the
voltage drop across the cathode resistence of the multivibrator,
and the voltage on the plate lode R3-68 is increased.

The lowering of the cathode 14,5 opens the left half ot
the tube and results in a voltage drop on its plate. The voltage
is transmitted through C3-47 to the grid of the right half,

facilitating its blanking still more. As a result of the process
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described, the multivibrator is opened "reversed’, the left half
of the tube is opened, and the right half is closed.
Capacitor C3-47, which in the initial state was charged to
nearly the full voltage of the power supply, begins to discharge
through the left half of the tube which is open. The capacitor
discharges through the following circuits: internal resistance
of the left half of L3-13, R3-69, internal resistance of power
supply, R3-70. In flowing through R3-70, the discharge current
creates a voltage drop across R3-70, which maintalns the right
half of the tube in the blanked state.
As the capaclitor discharges, the discharge current graduall:s
decreases, leading to a reduction in the voltage blanking the
right half of the tube. At a certain insbant of time this wvol-
tage becomes, in terms of absolute value, less than the tube [srr 118]
blanking voltage, and current appears in the right half of the
tube. The appearance of current leads to the reduction in volta:ze
on the plate of the »ipght half of the tube, and consequently
to the blanking of the left half. In turn, the blanking of the
1 eft half of the tube facilltates more effective opening of the
right half, as a result of which the multivibrator Kreverses;’
to the inltiasl state in which it was found before the arrival
of the triggering pulse. The time constant of the dlscharge
circuit C3=47 was chosen so that the blanking time of the right
half of the tube is 60 micro_seconds.
As a result of this, a positive square pulse 1s separated

< on the plateload of the right half of the tube with the indicat=d
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- length and an amplitude of 20-30 volts.
This pulse is fed to the circuit of the "Quick Saw’ generator.
To monitor the normal eperation of the multivibrator, the cathode
of L3-13 leads out tc a control point designated as "'L_f"'and
located on the frant panel of the unit.

b) Fast Savtooth Genergtor [Figure 50]

Used as the " fast Saw" generator in the unit is a linearly-
dropping voltage generator with Plate-grid capacitance. The " fsst
saw" generator is made up of a tube L3-14 [6Zh2P] and has two
operating modes.

In the first mode, mode "A", the generator produces a negative
pulse with a l;near leading edge of 25-microsecond ilength; and |

mode "B", of 60-microsecond. length [figure 51].

The change in pulse length is effected by connecting additional [<PN 1191
resistors to the cireuit of the econtrol grid of tube L3-1k, which
are located in unit K-6, R6-17, R6-18, R6-19.

In mode A, they are shorted-out by relay R6-3 [ comtacts i-9].

In the initial state, the tube ig blanked through the plate
circuit because of the application on the suppressor grid of a
blanking voltage of -25 to =30 volts. The screen grid circuit of
the tube is open so that the total plate supply voltagg [+20C volts]
is appllied to the control grid through R3-72 and R3-T3. The
potential of the control grid is equal to approximately +1 volt.

Capacitor C3-49 1ig charged to nearly the total voltagze
Tixed by the slider of ‘the "zero range" potentiometer so that

the voltage drop across the grid-eathode section can be disrecarde?
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" because‘u¢ T UD SIS

With the transmission to the protective grid of a positive
pulse from the triggering multivibrator, fhe tube is opened
through the plate circuit and capacitor C3-49 starts tc discharg:
in the following manner.

a) In mode "A", internal resistance of L3-14, internal
resistance of power 3upplle3-78, R3-79, and R6-11.

b) In mode "B", internal resistance of L3-14, internal
resistance of power supply, R3-T2, R3-73, R6-11, R6-17, R6-18,
and R6-19. In the first instant the voltage on the plate of  {SPN 1.7}
L3-14 starts to drop sharply. This reduction in voltage is trans-
mitted through C3-49 to the control grid of the tube, increasing
its internal resistance and lowering, consequently the discharge
current of the capacitor. Since in the initial stage the wcltage
on the control grid is equal to approximately to +1 volts and th:2
tube is campletely closed at -6 volts, the initial negative volw
tage jump on the plate and on the grid of L3-14 is approximately
-5 volts.

After the initial Jjump the linear discharge of capacitor
C3-49 begins. The discharge current flows through the discharge
resistors indicated above and creates & voltage drop across thenm,
controlling the internnl resistance of the tube. It is permissable
in the process of discharge that the discharge current start to
diminish. It is evident, moreover, that the voltage drop across
the discharge resistors diminishes and the tube L3-1k4 opens.

The opening of the tube lowers the resistance in the discharge
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c¢ircuit and consequently increases the discharge current, returning it
to the initial velue. An increese in discharge currents cause bhlank-
ing of the tube which also results in the establishment of the
initial current value. Because of the presence of such control over
the internsl resistence of the tube, the discharge process, whiie the
discharge of the cepacitor at constant rate results, as is known, in
a linear reduction in voltege on its plates.

Actually, the voltage on the capecitor plates during discharge can fp 123]
be expressed by the reletionship: Uc: U(',o ‘é : (' ('t)ou: (1)

Sine to obtain & proportional relationship between the range
voltage and the distance to the target it is essential to have &
linear reduction in voltage, it is evident that the second term of
the right side of the equality must be & linear function of time,
that is: é‘ j: c(e)dr = Kt

Solving this equation, we obtain: b(le) = constant that it is the
necessary linear drop in voltage will be obtained during the discherye
of the cspacitor at constant curremt. During the discharge of C3-49
the voltage on the plate of the tube i1s reduced approximately tc
20-25 volte, so that with an additional reduction in plate voltage
the tube ceases to control the discharge current. The length of the
saw-ﬂoothéd pulse on the plate of L3-14% for the values of the circuit
element used by us is 25 mieroseconds in mode "A" and 60 microseconds

in mode "B".
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Upon termination of the positive pulse on the protective grid,
the tube agsin closes through the plate circuit. Cepacitor C3=49
discharges through R3-Tk and the grid-cathode section of L3-14, and the
entire circult returns to the initial state. The initial voltage on whe
plate of L3-14 is regulated with the "zero-renge" potentiometer R6-15
loceted in the unit K-6. The steepness of the saw-toothed pulse is ip 124]
regular by changing the time constant of the discharge circuit C3-49.
Added to resistors R3-72 and R3-T73 are the following:

e) In mode "A", & varieble resistor R6-11 ["scele of range A"]

b) In mode "B", resistors R6-18 and R6-19, and potentiometer
R6-17 [scale of range "B"], which are housed for convenience of
regulation in unit X-6 also.

Since the voltage on the plate cen be expressed by the relationsnip:
(}offz“;fégigz (JQ) where E, is the voltage on the plate of L3-14 before
arrival of the triggering pulse; Eg is the voltage supplied across tke
resistor in the comtrol grid circuit [ 200 volts], t is time, R is the
discharge resistance, C is C3-49, it is clear that regulation of the
"zero range", effected by a change in Eg does not have any effect on
the steepness of the pulses, which is regulated by the change in the
value of the discharge resistor ["range scale"], and in turn does not
affect the "zero range”.

Thus is provided independent regulation of "zero" and "geele" lp 125]
which is extremely convenient for operation [figure 51].

Resistor R3-76 in the screen grid circuit is designed to

1imit the current on the second screen grid during periods of

- 115 =

| SECRET ‘ 50X1-HUM

Declassified in Part - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9



Declassified in Part - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9
SECRET

50X1-HUM

e inactivity, that is when the tube is blanked through the plate

cilrcult.

As evident from formula (2), the elements which determine
the steepness of the "saw;' in mode "A' are C3-49, R3-72,
R3-73 end R6-11, and in mode "B", R3-72, R3-T3, R6-17, R6-13,
R6-19, and R6-11. To maintain a constant steepness with changes
inthe surrounding temperature these elements are thermally com-~
peﬁsated: R3-T3 and R3-T2 are made from manganin which has a
low positive temperature coeffieient, while for C3-L9 type
KTK-3"M" with a small negative temperature coefficient was selecsed.
As a result, the quantity RC, which has an affect on the gteep-
ness, remains constant with a change in temperature, which is
essential for providing a minimal number of errors in mode "A".

Diode L3-25b is designed to reduce the length of the flybaci
of the 'saw'’ and to reduce the influence of leakage which is
harmful under conditions of interaction of humidity on the
accuracy of camputing the range. Because of the diode, the
steepness of the flybaek "saw" voltage, as can be seen in
figure 52, increases due to = the increase in voltage Ea, vhich
leads to a reduction in flyback time.

The effect of leakage can be represented by an equivalent iSPN 4261
resistor Ry connected between the plate of L3~1k and the frame.
In the absence of a diode, the leakage results in a change in
voltage on the plate by a quantity: ;‘,‘ywhere Ra is the plate
ioad of L3-1k, Ry is the equivalent leakage resistance.

This may cause an inadmissable error with respect to Tange.
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The presence of a diode results in e reduction of this error to a
value which can be disregarded even for substantial leakage.

v) The Slow Sawtooth Generstor [Figure 53]

The "slew saw" genmerator [search circuit] is designed to
generste in the target search mode a slowly deceying saw-toothed voltage
with & frequency of ebout 1 cps. The function of the "slow saw"
generator 1s performed by the tube L3-23 [6N2P] and L3-22b [6N3P],
which in the search mode act as a transitron generastor of relaxetion
oscillations [in the tracking mode these tubes function 8s the second
integrator).

For convenience of examinstion, we sssume initially that the
blenked state of the tube L3-23 in the plate circuit. Moreover,
there is a voltage on the plate which is debermined by the divider
R3-124, R3-125. Since the control grid 1s connected to ground
through R3-104, the tube opens and the plate voltege begins to lp 128]
decrease. This reduction in voltage 1s transmitted to the control
grid through the cathode follower L3-22b and cspacitors C3-59,

C3-71 and, by increasing the negetive bias, it prevents a rapid drop
in voltage on the plate. The process occurring in the circuit is
guite similar to the operation of the "fast saw" circuit, only

in this case the discharge of the capacitors [C3-59, €3-71] occurs
through the equivalent resistance of the output of the cathode
follower circuit.

Thus, in the process of discharge of C3-59, C3-71 & small
negetive voltage is meintailned on the control grid. When the plate

voltage reaches a value of 20-25 volts, as in the "fast
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- saw" cireult, the tube L3-23 ceases to control the discharre ani
the drop in voltage on the plate is retarded. Consequently, the
negative bias on the control grid of L3-23 is reduced. The re-
duction in voltage on the control grid causes an increase 3in the
current on the screen grid. The screen grid current, [lowing
through resistor R3-107, increases the voltage drop across this
resistor and the screen grid potential drops.

The reduction in potential is transmitted through C3-73 to
the suppressor ~grid of L3-23 and reduces the plate current ~f th=
tube. The reduction in plate current causes a rise in potential
on the plate, and becavse of the fcougling through L3-22p
C3-59, C3-T1l, an increese in potential onkthe control grid.

This causes an additional inerease in screen grid current and

the complete blanking of the tube through the suppressor grid.
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The plate voltasge rises rapidly and the process begins agein. Connec-
tion of capacitors C3-59 and C3-T1 directly between the plate and

grid of L3-23 and through the cathode follower made it possible to
lower the charging time significently. If in the "quick saw" ecircuit
this time is considerably greater than the discharge time, then

in the given case the situation is reversed. The capacitors are
charged through the small internal resistance of L3-22b and the plate
voltage of L3-29 increasee, in practice, graduslly.

This is essential to provide quick fly-back of range pulses after
which, in the search process, they achieve & maximum renge. The
quick fly-back guarantees locking on the target only with the

- movement of the range pulses in the direction of lengthening, thst
is locking on a close target. The presence of the divider in the
plate circuit of L3-23 is specified by the necessity for limiting the
start of the search for the preliminary locking on & main leakaze pulse.
The filter C3-TL4, R3-106 facilitates stabler operation of the "slow
saw" generator.

The relaxation frequency is determined by the values of C3~-57, C3-71,
and R3-104 and is equel to cne cycle. This corresponds to & search rate
of approximately 10,000 kilometers per hour.

g) Comparator Circuit [Figure 54]

The comperator circuit dtermines the instant of equality of the val-
ues of the "fast saw" and "slow sew" voltages, end as a result, provides

for the delay-triggering of the range pulse generstor. The delsy time is

m 12] -
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- determined with respect to the maims pulse. The circuit consists of » 131
a comparator diode, a compensation diod=, and a two-storage Jilse
generator, Used as the comparator diode is the left half of L3-15
(Fig. 55].

The "fast saw" voltag* is applied to the cathode while th= "slow
saw" voltage [in the search model] or the range voltage [in ta=
tracking mode] 1s applisd to the plate through the R3-7T»

Since the voltags oa the cathode is greater tham on the plate,
the tube closes and ther=m is no signal at the output. However, as
soon as the "fast saw" voltage becomes less than the "slow saw" vol.ags
taken from the output of the duplex integrator, the diode opens and a
negative pulss appears on “ts plate.

The start of this pulse, which is d=termined by the ecualiiy of
the "saws", 'shifts ir the directior of a larger dslay with respect %o
the main puls= as the "fast saw" voltage reduces. From the plats ¢
the comparator diode, tha pulse 1s fed through C3-51 to the grid of
L3-22a, the pulse amplifi=xr. A positive pulse with an amplituds of
more than 100 volis is gzneratad or the plate of L3-22a [»N3P].
Because of amplification, the stsepness of the leading edeaes »f this
oulse is consitderably zreater than on the grid, and the pulse is
almost square, From the piate of 13-22a, the pulse goes Lo ti=
control grid of ths sezond pulse applifier L3-16a [6N3P], thrcugh
the differentiating circuit C3-53 end R3-79, which is ess:ntial for
reducing the length. The second stage increases the steepnesgs of tne

leading edge of of the pulse even more. This pulse, faken from the ;L= 3
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plate of L3-16a, goes “o the emmtrol grid of L3-16b throug - =173
pulse transformer Tr3-7 and trigzers the range pulse blockine om erg .
Because of the larze staspness of the leading edge of thne frigreine

pulse, the instant of trigoering of the blocking generator doas +.n+

depend heavily on the fluctuation of tha feeding voltajxes. chanse

»
n

in tuba charactcristics, ete. This facilitates g reduci.ior in ey rnps
in determining the rang=.
Since the instant of opening of the comparator diogde Aetsrmip=a
the range-pulse delay, for precise operation of the entire (EaR S 4
is essential that it, as far as possible, also will not depend nm
the supply voltages, tube charactsristics, etc. The volt-amamyn
characteristic of the Afode is shown in Fig 55. It is know: that
under the influence of changes in the f£1lament voltage and “he @indae
had aging, this charactarigti~ "drifts", that 1s, 1t is shif-ed [for
example, to the positiom shown in the figure by the dotted 1in=],
Moreover, as can be sesen from the comstruction, an error oesurs ir
the instant of comparison Z& to. This error enters directly {nto
the over-all error of measuring the range. To reduce the inflnens.
of external factors on the instant of comparison a compersatine
diode is employed. TFor esmall negative voltages between the Viate
and the cathode a current Appears between them. Therefors, wwap
with the comparator diode closed, there will be a voltage droy across
resistor R3-77 determired by the current of the compensating diode.

This voltage is directed toward the
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"slow saw" and the instant of opeming of the comparator éiod= - 186
occurs somewhat later [t’} rather than tl]. Now for the shift
in the volt-ampere characteristic, the instant of comparison shift-
to a polint t'2, and the difference in time between t, and "2, dedigna
l& ty, 1is considerably less than Z& t'o. Thus, the use 27 the
compensating diode stabilizes the instant of comparison. In view >f
the large gain of the comparator circuit, even small influenc~ of  -hs
triggering pulse can result in the triggering of the blocking geneé-ato:-
at the point of zero range. Im order to avold this, a small n=gative
pulse 1s applied through C3-77 to the grid of L3-16a blanking the :ube
at the initial instant of time. This pulse 1s obtained via +the
differentiating circuit C£3-77, R3-79 of the triggering pulse.
d) Range= pulse generstor [Fig 56]

- The range pulse generator is an ordimary blocking gen=rastor

composed of the right half of L3-15 [6N3P].
In the initial state, the tube is blanked by a voltages of -1 irolt:.

taken from the common divider of the unit and fed through R3-81 to
the control grid. At the imstant of arrival of the triggering pulss,
the tube opens and a current appears in the plate circuit. The
appearance of the current results im a lowaring of voltag= on the
plate of the tube. The windings of the pulse trapsform=r arr
connected so that a recduction in potemtial on the plate results
in an increase in potential on the conmtrol grid. The existencs

of such a clrcult with positive fecdback means that the plate
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current increases still more, the grid voltage rises additionally,

etc., to an instant when the tube current reaches saturatioa. This
process of "reversing" the tube oceurs very rapidly and 1s ~nlled

the "blocking" process. The time for complete opemlng of the tub-

is usually about 0.1 microsecond. As a result of the termination of
the direct blocking process the plate voltage #rops to almost zer> due
to the voltage drop acrovss the primary winding of the pulse trans orme: .
while the grid voltage rises strongly and becomes positive becaus~ nf
the induced emf.

From the instamt of time when the voltage on the grid becomes
positive, a screen grid current starts to flow and capacitor C3~-5%
begins to charge.

At the end of the direct blocking process, the operatine point
on the tube characteristics shifte to the region of shaliow steepe=ss,
that 1s, the change in voltage on the screen grid has almost no af feat
on the value of the plats curreat. As C3-55 charges the voltage on
the control grid of the tube begins to diminish. However, gince the
operating point is locat=d on the right portios of the charasterisiic.
the plate current remains nearly unchanged for a certain time. Th-
flat portion of the pulse 1is formed during this tims. With vime,
the voltage on the control grid shifts the operating point o the
characteristic to the region of great steepness.

The plate current is dimiaished more effectively, which result: im

a rise in the plate potential and, comsequently, a reductiom of vol tagt
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on the control grid. The latter reduces the plate current still mcre
and the inverse.blocking process takes place.

The- fube is blarked and the volta.gc‘.acr'oss'-capacitor €3-55 attairs a.
large negative value. After completion of the blocking process, thkis
capacitor discharges through R3-8l and the circuit returns to the initia.
state.

The positlve range pulse with an amplitude on the order of 10
volts and a duration of 0.7 microsecond 1s taken from the winding of
the pulse transformer, fed to the screen grid of the tube L7-18 &nd
through a 0.4 mlerosecond delsy line to the screen grid of L3-17.

Capacitor C3-52 and resistor R3-78, connected to the plate circuit

- of the blocking generator, make up the decoupling fllter which redices tin>
influence of the generator o©m the remaining elements of the circuit of
the unit through the power supply circuit.

e) Time discriminator (Fig 57)

The time discriminator circuit conseilsts of & colncidence circuit,
with 6Zh5P tubes [L3-17, L3-18], and a difference detector circuit
[recharging diode] with integrating capacitaﬁci consisting of 6D €A

tubes E13-27, 1.3-28].

- 129 -
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The function of the time diserimimator is to fix the instant nf Pil.n
coincidence of the target pulse with the range pulses and to gen-crate
a signal indicating the pregence of = shift with respect tn *ime
between the pulses mentiomn=d. The circuit generates this sienal as s
direct current, which is called the error’ current, of varyire ma{aitﬁé~
and sign depending upom the magnitude and direction of the migmat~h
between the rangs and target pulses.

In the absence of Larget pulses, the coincidemce tubes L3-17 and
L3-18 are blanked thrsush the plate circuit by the presemce -n tka~
control grids of a voltage of about -3 volts and om the serasn oridsg
of a voltage of -23 volts.

Besides, the range pulses arive on the screen grids of “he tuoe.

The pulse goes directly to the goresn grid of 13-18, and throngh

0.4 microsecond delay lime to the scresn grid of L3-17. Thee~ NI 308
shift periodically with time seeking out the target. If a pxlse‘
reflected from the target occurs on the cortrol grids, them the m lset
on the screen grids whish are moving with respect to the range, crineid-
with them at a certain instamt with respect to time. The tubes o n

and negative pulses appair on the platess. These pulses o to Lha:
difference detector cirenit [L3-27, L3-28], and depending upss: the
relationship of their arnlitudes, they are converted to AR arror

current for the given direction. Taken from the resistor R3-25 ami 3. ¢
connected between the plates of 13-17 and i.3-18, is a negative pulse
which is fed through capacitor C3-57 to the control grid of the auto-

matic lock-on amplifier,

| UCRET - 50X1-HUM
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Resistors R3-82 and capacitor C3-56 form a decoupling network  1j2
which protects the plates of the coincidence tubes from the influence
of power network, The coincidence tubes serve as the input of the
automatic lock-on amplifier,

Let us assume that after lock-on the mutual position of the
target pulse and the range pulses is as shown on fig, 58,

In this manner both coinclidence tubes open, but because there
is greater coincidence of the target with the second range pulse, the
pulse in the plate of L3-17 has a greater amplitude and duration than
the pulse in the anode of L3-18,

Furthermore, let us agree to regard the input of the double
inte grating circuit as a certain equivalent capacitance C;, In
considering the operation of this element of the ranges unit, let us
satisfy ourselves as to the accuracy of such an assumption,

Capacitors C3-58 and C3-62, which are charged until coinci-
dence to a value approximately that of the voltage of the power
source, begin to discharge, Capacitor C3-58 discharges through the
circuit: the internal reaistance of 13-17, C;, the internal resis-

tance of L3-28, Up to coincidence, diode 13-28
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was closed by a voltage of + Tv appiied to the tube cathode.
At coincidence, the diode opens, since a negative pulse with
an amplitude up to 50v is applisd to the gathods and thus the
C3~58 discharge circuit is created.

The discharge current of C3-58 flows through a capacitance Ti143)
Ci, and it is seen by the direction of the current that the
voltage at Ci must be decreased thersby, capacitance Ci discharges
(the direction of the current is shown by the umbroken arrow).

Capacitor C3-62 discharges slong the circuit: intermal
resistance of L3-18, resistance of negative voltage divider,
internal resistarmce of L3-~27. Diode L3-27 also was closed

- by:a voltage of =liiy and is opened by the eoincidence pulse,

The discharge current of C3~62 does not flow through Si
and evidently does not affect the potemtisl at this point.

Dwring the time between pulses, capacitors C3-56 and C3-62
are charged. The charge of capacitor C3-58 passes through
R3-82, R3-83, R3-118, R3-129., The charging current of C3-62
passes through the imtegrator capacitance in the direction
shown on the figure By the dotted line.

It is evident that the potentisl at.ci will increase wunder
the action of this current.

In the case we have considered, the discharge of capacitor

C3-58 has a greater effect than the charge of 03-62, since there

- - 133 =
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is greater coimcidence with the second range pulse, Thus,
voltage at the capacitor will be decreased from pulse to pulse,
the total current will be directed from Ci to a difference
detector.
This current is also called the error cwrrent. This
direction of current is called negative. The appearance of
. the current acts through the control unit (double integrator)
on the range pulses, and they are displaced in the directiom of
greater range. Thus, a mutual position of the range pulses
and the target pulse as shown in Flg. 58 and Fig. 59 is possible.
In the given case, greater coincidence occurs in 13-18,

- and the effect of capacitor C3-62 is increased. Discharging
intensely at the moment of coincidence, capacitor C3-62 is
charged by a current the valus of which now axceeds the discharge
current of C3-58, snd the direction of the recharge current of
of the integrator capacitance is changed.

Now the current is directed from the difference detector
to the integrator capacitance, and the potential of the integrator
capacitance increases. Let us call such a direction of the
error current positive.

If the axes of syymetry of the range pulses coincide with
the midline of the target (Fig. 60), the effect of C3-58 and
€3-62 is equalized, and the potential atC i remsins unchanged.

. It is evident that in this case the error current will be rzero.

- 13) -
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Thus, the sign of the error current is changed depending on the
direction of displacement of the range pulses relative to the
target pulse. The dependence of the value of the error currsnt
on displacement is represcmted in Fig. 61.

The error current lies on the ordinate, and the éisplacement
of the range pulses relative to the target in time, on the abcisss.
The left branch of the characteristic corresponds to a lead of
range pulses over the target pulse, The right branch corresponds

to the delay of the range pulses,

Zh) Comtrol Umit o1

(Dowble Integrator)

- The purpose of the control wmit (Fig. 62) is transformstiom
of the error current, which flows from the output of the time
discriminator, to a voltsge which controls the range pulse delay.
The circuit comsists of two integratorse~tubes L3-26 (6Zn1®),
L3-23 (62h2P), and L3=-22b (6N3P).

In mode "A," the range voltage is applied through cathode
follower L3-21a (6N3P) to a sight, and in mode "B," to K-8,
The circuit diagram of the anode-grid integrator is shown in
Fig. 63.

Analyeis of such & circuit shows that the dependence of
the voltage at the anode on the current in the grid circuit
can be approximated in the form:

t
Ua=Uao =7 [ celt /3/

T

-
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If we consider the cilrcuit of the fast sawtooth generator which is
8 speclal type of integrator (Fig. 61), it is evident that the voltuge
Ug 1s supplied to the input of differentiating circuit RC » &t the autpat
of which there is & voltage which drops at resistance R, i.e., Ug - 84.

For such a circuit the following relationship holds true:

e
T dt

Uyykh(out) ™ RC

In our case: T 52]

dUg

RC
at

U3(range) ~ Bq =

Uy, Ua -Ba 4

at RC c

Integrating both parts of this equation, we obtaln:

. T
Ug aCo—_%_ J 1 dat

- o
l.e., the equation of the integrator.

In the case Ej = Const, end disregarding Ug, we have:
t
U, = Cq -~ —=. [Y idt Edt
azC - | TR
(o)

where t = 03 Ug = Co, consequently,

Egt
RC
equation for the fast sawtooth generator.

Ug = Ugp =

i. e., we obtain the

The integrator equation mskes it possible to determine ail the
properties of the circuit.
For further description, let us recall that:

t t ;
1. J 6'dt = Comst; 2. J‘ a*dt = at; 3. r;t...at - a8t L
© o} o &

A% ]

» -1!12-
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It is seen from :nese general mathematicsl expre si 1 ths
when the current in the .rid circuit aquals 0, the volt. . ge
the tube anode does not ~hanse since both sidaes of &he 1o TFEIRS
are constants. Tn the nr-esence ¢f a constant current. i *+-
grid circuit, the voltas at the anode drops linearly wiern i s
positive, or increszses ~inearly where i is negative.

It is easy to derive a rhysical explanation of the Dro o sac
in the integrator circut, considaring the charge and disch . e
of the equivelent intertstor capacitance Si (Fig. 65),

A positive curremt (in our case "error current") charge:
the integrator capacitarce, the voltare across it increses.
and the tube opens,

The appearemce of an anode current leads to a decre..ge
anode voltage. A negstive current discharges Ci, the poters
at the control grid decrsases, the tube is blocked, snd - hae
anode voltage incresses.

The validity of rep:iacing the resistance of the integs
input by the equivalent, capacitancs €3 ies evident from tre t  aus

If we consider the ¢jrcuit in Fig. 65, we see that:
T

) o .
UG E (jf‘,f.l_ - "\\ { ‘1 ; - !.,’ 't’i’ Z

T B
.J A
where : k is the amplification factor of the tube,

Consequently, the circuit depsched is equivalent to i.he

integrator circuit wherein-

+ "‘”!ﬁ - Cu, - I/xC/
-
50X1-HUM
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Pollowing the zbov= -stated considerations, which prr2 1 =3
integrators in gener:1l, :et us examine the operation of t-=
actual circuit of the dable integrator used in the uni-.

The circuit conslsis of two anode=grid integrstors cor---4=:
by stabilizing circuit 1w,

Let us assume that .n locking on the target, the m.tus:
position of the range puses and the target pulse is thst
depicted in Fig. 58, i. ¢+., the range pulses lead the trrae
pulse.

As was explained diwring examination of the operaticn o
the time discriminstor, : negative error current fleows to : :
integrator input in this case. 7The presence of a negative - —rar
leads to blocking of tube L3-26 of the first integrator. an. -hes
potential in its anode .ncreases. The voltage at divider
R3-11lh, R3-115 increase: correspondingly.

The voltage from ti:e common point of these resistarces
through R3-116 and T)-1) is applied to control grid L 2¢
which 1is ‘the second inteprstor. In this case the i »no
will be positive.

The appearance of & positive current in the grid =ircu
of the second integrzto: leaas tc¢ opening of L3-23 and to 2
decrease in the veoltage zt its anode. The error current w:n:

flows to the input of 1= first inteegrateor during a briasf . -ud

can be considered conatunt,

L5 -
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Then the veltage at the anod: of the first integrator
will increase linearly (since / adt = at )« The current
in the grid circuit ef the secan integrater, preportienal te
the voltage at the L3-26 anoede, alse will increase linearly.

The voltage at the L3-23 anede will decrease at an ever increasing

rate, since ‘,f Cl]ﬁ2_
Jpatdt= 7

This veoltage through cathede fellower L3-22b flews to the

comparitor circeit (13-15) and makes the range pulses shift

toward the receding side, also at an ever incressing rate,
The range pulses, shifting in this direction, go through the
matching positions and begin to lag the target pulse in time.
As we see in Fig, 61, the error current changes its sign and
becomes positive.

This leads to opening of the first integrator and a voltage
decrease at divider R3-1ll, R3-115; and inasmuch as R3-115 is
connected to the point of the divider with a potential of -30 v,
the voltage at R3-116 acquires a negative value.

The current in the second integrator circuit changes its C# L89]
sign, and the voltage at its anode begins to increass.

The increase of this voltage leads to shifting of the
range pulses in the direction of decreased range, i. e.,
agalin toward matching with the target pulse.

After several such oscillations, the system reaches a

- =118 -
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state of equilibrium in which the range pulses match the target
pulse. In the event that the target moves at a constant
rate, the voltage at the anode of the sacond integrator changes
linearly. This will transpire, evidently, when there is &
constant current in the grid circuit of this integrator (/ Gl b at),
and signifies a constant voltage in the anode of the first integrator
(Fige 63).

Changes in the rate of movement of the target pulse must
correspond to changes of current in the grid circult of L3-23,
and consequently, the voltage in the anode of the first
integrator. Thus, ths voltage in the anode of the first
integrator is proportional to the approach speed. This conclusion
can be drawn mathematically.

Tt is seen from the circuit that the voltage at the &imode

Ua,: Uac + LK

where: Upo 18 the voltage at the anode of L3-26 when i = C.

of L3-26 will be:

{1 = the current in the circuit comnecting the output
of imtegrator I and the input of imtegrator II.
R3-11h 4 R3-115
R = (R3-116 4 R3=10L) R3-115
Simce expression (3) is correct for imtegrator II, and

the voltage in its anode is porportional to the range to the

: | , ad Do
- dlUs_C - 1o (=C ZFE

S 1Y
d/t C/ ) 7T 50X1-HUM
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where: C= C3w59 .4 C3-7;

consequently: L)QJ: ” + dﬁ& R C;
d iy

where: —T 1s the rate of change in the range voltage,

proportional to the approach speed.
With the parameters used in the circuit, the voltage at
the anode of L3-26 wpon locking—~on a stationary target ia
approximately ¢ 80v. Finiteness of the amplification factor
of L3-23 leads to the fact that this voltage depends in addition
on the rangs from the target, although to a negligible extent.
In tracking an apporaching target, this voltage has & smaller
ws/ ~ Vvalues, At an approach spesd of 300 m/ses, it reaches + 50 v.
But if the voltage at the anode of integrator I is constant 60

at a constant approach speed, this means that the error current

in this case is zero, simce d ( Coﬂ,g f‘ ) O
.  —

The foregoing case demonstrates that a control unit with

two integrators provides for tracking a umiformly moving target
without dynamic error, since the error current is zero only
when there is precise coincidence of the range pulses and the
target pulse. Besides,this, as a result of the zZero error current,
the circuit is capable of tracking ﬂgdin.g signals.

When the target fades out, the coineidence tubes close and
no current flaws from the output of the time diseriminator
to the input of the control unit. Thus the same voltage remains

- 150 E-C - 50X1-HUM
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at the anode of the first integrator as during traeking of the
targest. Sidmee this voltage corresponds to the speed of the targst
until it fades out, tracking will comtinue at the same speed in
the absence of a target. Upon the appearance of the target, it ia
again. visible in the zone of range pulses and normal operation is
eontinued. Owing to the presence of leak resiatange between the
grid and the cathode of L3-26, upon diseppearence of the
error current the voltage at the amode usually alters slowly im
one direction or amother, which leads to srrors in tracking a
fading target. To dimimish these changes, the capacitance of < 1427
the first integbator is switched, and within 1 =~ 5 seconds
-’ after lockimg, becomes equal to ~= L0,000 pf. At the momemt of
locking, it is neeessary to have a small time constant of the
first integrator. Therafore, up to and at the moment of locking,
the anode grid capacitor with s capacitance of 0.0li/uuf is
turned on.
A time lag (= 1 sec) is necessary for readying capacitors
C3-75, C3-86. During this time, they succeed in discharging
to the voltage which correspomds to the speed of the locked target.
The high value of the sapacitance of the first integrator
facilitates a decrease in the effect of target fluctuations
on range voltags as a result of smoothing introduced by it.
To decrease the effeet of leakage on the operation of the
circuit, tubes L3-26, L3-27, and 13-28 are placed in a hermetieally

-151 -
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sealed area, and are a separate, complete wnit ("integrator I"),
For more favorable comditions of locking, the voltags
at the anode of the first integrabbr im the scanning mode is
correspondingly set to the most probable target speed ("expected
voltage"). This setting is made by applying a corresponding
voltage to the anode of the first integrator from divider R3-36
and R3-133,
To improve the pperation of the double integrator in the
mode of a fading target, it is necessary to select at the sereen
grid of the tube of the first integrator sweh a voltage that
when no target is ﬁresent the voltage at the anode of the first
- integrator will be practically unehanged. The setting of the Ik3]
required voltage at the screen grid is done with the aid of
potentiometer R3-113,
Capacitor C3=76 iz intended to speed up precise matching of
the range pulses with the tafget. Together with R3-116 and R3-10k,
this capacitor forms a so-called "stabilizing network", which
prevents the occurrence of a self-oscillating system, i. e.,
"oseillation" of range pulses arownd the target.
+ _ ,'The range voltage is applied from the outhut of L3-22b to
the grid of cathode follewer L3-21a.
Upon locking, a voltage proportional to the range to the
target is applied from L3-21s to the external circuits.

z) Awtomatic Locking Device (Fig. 67)

- 152 =
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The circuit of the auntomatic locking device 1s intended for

switching the unit from the scanning mode to the locking mode,
The circuit consiste of amplifier L3-19b, peak detector L3-19%a,
and electronic relay 13-20Cb,.

Electromagnetic relay R3-1, type RMUG, in the anode of L3=2C,
turns on relay R3-2, in the anode of L3-8a, and relay R3-3, in
the anode of L3-8b. The operating time of relay R3=2 and relay
R3-3 depends on the bias at the grids of L3-8a and L3-8b, which
is controlled by "delsy" potemtiometer R3-60.

The circuit of the conmtact groups of the automatic locking
relay is shown in Fig. 68,

In the scanning mode, the emtire relay is in a released stats.
Tube L3-20 is Blocked by a negative voltage, applied to the
control grid by the "Sensitivity" potentiometer from unit 6
through resistance R3-92, R3-%L.

Upon the appearance of a target pulse and coimcident range
pulses, a negative pulse with an  amplitude of around 25v
passes to the grid of L3-19. A positive expamded pulse, the
amplitude of which reaches 80 100v , appears at the anode of
the tube. This pulse is applied to the grid of 13-19a and
charges capacitance C3-8L., This capacitor discharges through
R3-92, as well as through R3-9L and R3-95, which are in
parallel with it. All these resistances have a large value} as
a result of which the time constant of the discharge is

incommensurably greater than the time constant of the charge.
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This leads to the fac*ﬁ that ir the interval bhetween pulses,
C3-6h does not succeed in discharging, and the voltage in it
increases.

The increase in voltage at the cathode of 13-19a decreaces
the bias at the control grid of L3-20b, the tube opens, and the
relay triggers. Triggering of R3-1 causes triggering of the
rest of the relays in the unit: R3-2 and R3-3. In the event
that the target pulse fades out, relay R3-1 releases, and
capacitors C3-67 (2 4f) and C3-83 (1 mf), located in the
grid circuit of L3-8a, begin to charge slowly, from a =150v
source, through resistances R3-1L0 and R3-60.

| - Therefore, when the target pulse fades out, the voltage NI rg
at the grid of L3-8a decays slowly, and the relay releases ohly
after approximately 1+ 1.5 sec.

Herein is achieved the possibility of tracking a fading
target "by memory" (memory based on speed). Upon triggerimg of
relay R3«3 1+1.5 secs after locking, capacitors €3-75 and
C3-86 with a total capaeitance of 0.1/\41, the other end of which
is connected to the anode of integrator I, are connected to the
grid of the first integrator through C3-85.

As a result of this, after connecting the "protection" :elap.
the anode-grid capacitance of imtegrator I increases to 0.,0Luf.,
This makes the ranging system more persistent, i. e., insemsitive to
abrupt changes of speed. Besides thils, the presence of a large

~—r integrator capacitance imparts to range-only radar the property
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more precise tracking of a fading sigmal "by nemory," which
reduces comsiderably the effect of target fluctuation on the
speed voltage,

A smoothing sigral (-27 v) is applied to umit RB6-S
simwltaneously with triggering of relsy R3-3., Thus s relay
R5<2 operates > and the persistence of the speed-snalysis circuit
increases, which reduces the effect of target fluctuation on

= the speed voltage.
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" k) Constructive Design of the Unit ENAY
(FigS- 6q.., 70, 71)

The block is conatructed on an open rectangular chassis. There i
a depression for the IF amplifier 1line in the right section of the erass :.
Parts having the greatest heat resisgtance, Tike the tube and the transfon e« sys
arrenged at the top and the resistors and capacitors are in the lower
section along the perforated pdnels.

The space between the verforated panels is occupied by the pilse t-eng.
former, precision resistors, and the relay. The last are easilv rem.ved threuph
the access to the tube panels. Arrgnged under the IF amplifier are tra
large components: oil-impregnated paper capacltors, the delay line, End
control potentiometers. Thasge parts are in the form of demountable ur:ts
and are easily removed from the block during repairs. The housing hag a

- large number of openings to feseilitate the cooling.

The functional ecirouit of the first integrator is in the form of a
separate alr-tight highlv moigture-resistant removable unit.

Dimensions of the unit: 300 x 152 x 16N m.

Welght of the unit: 4.7 kg

VI. RECEIVER

23. Burpoge and Make-up

The receiver of the range-only radar "Kvant" is used to emplify
the détection pulses refleeted from targets and to econvert them ‘nto
video pulses.

The receiver 1s made up of the following components:

1. Resonant ATR tuba.

- 161 -
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2. Receiver mixer.

3. Klystron local oscillator.
4. IF preamplifier.

5. Main IF amplifier.

6. Second detector.

7. Video amplifier.

8. Cathode followsr.

9. Pulse and noise automatic gain control systems.

24. Degcription of the operation of the regeiver with the aid of
a functional flow chart

The functional chart of the receiver is given in Fig. 73.

The pulses that are reflected from the target enter from the unterna
into the"reception-transmission" chamber of the antenna switch, where a

-’ resonant discharge tube L2-12 (RR-21) is used in the capacity of a Afscharps

tube.

From the "reception-transmission"” chamber the energv of the roflecta:z
glgnal enters the frequency-mizer chamber, where s crystal rectifier of the {P 173}
type D-403-V (D2—2) is used as a mixer.

In the receiver mixer chamber the frequeney of the reflected sigru’
is mixed with oseillations of the heterodyne (klystron of the K27 (12-9) twpe).

After the mixing, a number of frequencies are formed, from which
an intermediate frequencv is separated on the load of the receiver mixer.

The load of the receiver mixer is the input eircuit of the IF ore.
amplifier (PUPCh).

Having passed the stages of the IF preamplfier, which uses tubes of
the 6Zhl1B (L2-1, L2-2)type, the signal reflected from the target enters tre

- and.
'  main IF amplifier, which uses L3-1, L3-2, I,3-5 (6Zh1P), L3-3}IL3-A (62h2P +:tes.
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Amplified by the IF amplifier and detected by the second detector Li-6 1&5n2P),

(

the target signal, passing through the video amplifier LV-7 (6N3P) snd the cathe
ode follower, is fed to the time diseriminatdér and the noise automatiec
gain control circuit.

The pulse autometic gain control and noise automatic gain erntrel
have a common outlet to  stages of the mein IF amplfier through the
cathode follower L3-10a (6N73P).

During the transmission operation part of the enerev of the main rulae
enters through the attenuator into the IF amplifier mixer, where the
oscillations of the klystron heterodyne alson enter. The differsnce fragqua.esr
nulse, according to which the AFC generates the control voltare f£:4 & 7L
to the klystron heterodyne, 13 separated on the Input eirecuit of the auto.
matic frequency control.

The control voltage is maintained such that the frejuency of the
klystron heterodyne would be higher by an IF than the frequency of the

magnetron.

25. Rurpose of the intermediste frequency amplifier

The purpose of the IF amplifier is to amplify the IF signals whien

were obtained as a result of the conversion of the picked-up reflected starslg
in the erystal mixer to a level whickh will ensure the oneration of the II
detector along the llnear portion of its response. The purpose of the II
detector is to convert the IF pulses inte video pulses which are further
amplified by the video amplifier.

The IF amplifier is assembled with coupled circuits and consgiits of

an IF preamplifier and a main IF amplifier.,

b
5

Bagie tactical-teqhnical data of th IF amplifier in a 8 _compley Tp

4 with the 11 detector and thn video amplifier
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a. The transmission band of the IF 1s not less than 4.5 me.
- b. The IF amplifier's amplification factor, defined as the ratin cf
the signal voltage at the IT detector input to the signal at the IF applifiar
input and for a noise level at the II detector of 0.7, is not less than 10H),7N0.
v. Sengitivity is not less than 15bv.
g. The:amplification irregularity of the transmission band is not
greater than 15%.

d. The transmission factor of the video amplifier is 15.

26. Description of the operation of the IF presmplifier by a
schematic diasgram

Intermedinte frequency preamplifier
(Fig. 73)

The IF preamplifier represents a two-stage amplifier emnloyins tu=:
w»  of the 6Zh1B (L2-1 and L2-2) type. At the point of entry to the IF proamp...
fier a two-circuit filter is connected by . an L-type connection.

The L-type diagram of the IF preamplifier input circuit is chosen
to obtain the smallest noise factor and the greatest amplification under =
wide transm'ssion band.

At the same time the L-type arrangement of the input circult .cnsu™:: &
stable operation of the first tube of the IF amplifier during the change
in klystron power.

The input circuit consists of the Tr2el autotransformer and tne L2-i (p 176]
inductance. In addition, the Tr2-1 also represents inductance because its
windings have the same number of turms for a coupling coefficient equal to
one. Yonstructional realization of this inductance in the form of a trans srmer
is brought about by the necassity of separating the current circuits of the

e’ crystal mixer and the leakage current of the first IF preamplifier tebe.
- 16} -
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The adopted L-type arrangement of the input eircuit is equivale::
- to a coupled circuit which has on the mixer side Inductance Iy and ~apa..
cltance Cl » and on the s‘de of the input of the first tube, inductince ..
and capacitance 02.

The orimary capacitance C1 is the sum of the construetive CAPACILANCES we
the mixer chamber and the eoaxial eable which connects the mixer with the 1%
preamplifier input. The capacitancs 02 is the sum of the input capacitare:
of the first IF preamplifier tube and the capacitance of the mountire of t4e
secondary circult. Because the increase in capacitance Cy causes a sharr
increase in the noise factor, constructive measures are taken to rednece tre
mounting capacitances of the secondary circuit by selecting the most
compact mounting.

The anode eircuit of the first tube (L2-1) 43 loaded on the -oup .- ‘¥ 1.T7a)
circult Tr2-2 with various Q-factors of the primery and secondary ef—cuits.

The shunting resistors R2-2 and R2-3 asre selected to obtain ocqua” ..
factors for a stable amplification o® the stage and a favorable pattern o
frequencyv response.

The second amplifier stage consists of an L2-2 tube loaded on a gintla
oscillatory ecircuit whiech esnsists of series-connected inductances Li'-6 swd
L2-7 shunted by an R2-6 resistor. The capacitance of the circuit 1s the
Inpnt capacitance of the tube and the capacitahce of the unit ecombined.

The output circuit is connseted with the input of the main IF
amplifier through the capacitance C2-12 and a coaxial cable with a charact-y.
istic impedence of 75 ohms and a correaponding load at the input of the main
IF amplifier.

An optimum correlation is selected between L2-6 and L2-7 to antai~ s
better transmission factor and a better pattern of the frequencv response

of the transition from the IF preamplifier to the IF smnifier.
- 167 - 50X1-HUM
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Due to the fact that the eathode current passes through resistanacs
R2-1 and R2-5, self-bias is supnlied to the grids of the amplifier tubes.

The capacitances C2-2 and C2-6 shunt the IF bias resistors sand in
this way exclude the negative feedback of tho dignal, increasine the
amplification of the stages.

Power is supplied to the screen grids and plates through a series (¥ 181)
decoupling filter consisting of inductance L2-4, resistance R2-7, aad oar:-
citances C2-4, C2—9, and G2-11.

In addition, the resistance R2-7 lowers the initial goirce waltars oF
150 v to a value ensuring the operation tolerance of the tubes.

The filament of the tubes is also decoupled by a filtar conaisting
of inductances L2-3 and L2-5 and capacitances C2-3, C2-7, and C2-1n.

The IF preamplifier is tuned in an arbitrary sequence bv turning -+
cores, the coupled circuites T2-1 and T2-2, and the inductance L2-6.

The core screws are led out on the tube side of the IF vpreamnwlif:er
aubpanel.

The amplification of the IF preamplifier on an IF frequeney s not "ess
than 17 for a transmission band of not less than 6 me.

The IF preamplifier frequency response is represented in Fig 7.

27. Main intermediste froquen ifie
(Fig. 75)

From the I¥ preamplirier output. the signal emters the T amplifi:

input, employing the miniature :tubes 6Zh1P and 6Zh2P (L3-1 + Lz-:).

To match the IF amplifier input with the characteristio impei-
ance of the coazial cable and ' the IF presmplifier output, a metehing

load of 75 ohms, which consists ©f two parallely connected resistors of 149

ohms each (R3-1 and R3—2), is connected to the IF amplifier input. F 182]
-171-
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The capatitance C3-68 divides the automatic gain control circuite.

The coupled citcuits Tr3-1 to Tr3-5 are connected to the plate
circuits of L3-1 to L3-5 tubes with equal J=factors.

The amplifying steps on the coupled ecirecuits with equal QU-d'acter s
possess a more stahble frequency rasponse Auring a change‘of tubes and alter-
ations of voltape supplies than signle cireuit networks and other netuorke.

A necessary transmission band of each amplifying step (9 to 1) me:
is ensured by a selected relation between the windings of the plate and grid
cireuits and the shunting resistors,

All‘circuits are adjusted by changing the inductance by means of
movable cores in arbitrary sequence. Along the centrsl grid circuits »f =
L3.1 and L3=2 tubes a self-regulating amplification of the IF amplifi=r is
carried out.

Regulating voltage is supplied from the automatie gein e-ntrel gria
which is located in the range finder device, through the decoupling filte~
congisting of filter cells 7%3-1, Z3-2, R3-33 and capacitances C3-1, C3-6,
and G3-31.

Along the circuits of the pertode grids of the L3-% and L3=4 tubes
the IF amplifier is blocked during trensmigsion.

The blocking pulses are supp!iled from the modulator gris sitratec (p 183]
in the RB6-2M transmitter-recelver unit.

Amplified to the necesssrv level, the IF signal is supplied %o
the @iode detector which employs the left half of the L3-6 (6Zh2r) tibe.

The frequency response of the basie IF amplifier, whieh is tnken :zom
the output of the detector for a signal of 100 Hv at the IF input, is
represented in Fig. 76.

The frequency resmonse of the complete IF amplifier together with
-172 -
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the IF preamplifier is represented in Fig. 77.
- The amplification of the main IF amplifier at IF is at least 10,07,
the band width = : at least 6 me at an irregularity of not more than 17%.

The power supply of 'he screen grids and tube plates of the main
IF amplifier i1s taken from the source *150 v, and to ensure the sptimal
operation of the tubes:part of the voltage 1s consumed across the
resistance R3-30,

A multisectional filter, consisting of inductances L3-7 to L3-10 aai
capacitances C3-5, C3-10, C3-14, €3-18, C3-23, and C3=39, is used for
decoupling the high frequency of the IF amplifier's screen grids.

The power supply of the tube plates is brought through the
oscillatory circult.

The tube filament circuits are also decoupled from each other by «
filter consisting of inductences L3-1 to L3-6 and capacitances 3-3, 3=R,
83-12, (3-16, $3-20, C3-25, and (3-29.

The initial blas of the order of 2v is automatically suovlied to “hiz

- grids of the amplifier tubes due to the drop of voltage across the cavhods | F 234]
resistances R3-3, R3-6, R3-10, R3.15, and R3-19 as a resukt of curren- flow
from the tubes. To eliminate the high frequency negative feedback, i.c¢., Lc
inerease the amplification, these resistances ars blocked by capuéitances

03-2, C3-4, C3-7, 03-9, C3-11, C3-15, G3-19, and C3-21.

28. Detector
(Fig. 78)
The intermediate frequency signals are detected by a diode detactor
occupying the left side of the L3-6 (6Kh2P) tube.
The main advantage of a dioda detector is the linearity of 1t: deteq-
tion response, beginning with relatively small signal amplitudes, and the

=173 = smerer
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absence of overload of the detector by strong signals.

-

From the Tr3-5 eircuit the signal voltage of the intermadiats fire-
quency is supplied to the Aiode cathode.

A rectified voltage of the video signal 1is obtained on the resistance
of the R3-25 detector load, and is then supplied to the video amplifier grid
through the transient cirguit C3-27 and R3-26.

This transient circuit, together with the right half »f the L3-6
tube, limits incoming signals with respect to thelr duration, a process @ ¢n
is ensured by . appropriate selection of the time constant.

-
- 17 -
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29. Video Amplifier
SPN 189 (Fig. 79)

Video pulses from the detector output are further amplified
by a video amplifier which comprises the left half of tube
L3-7 (6N3P).

Active resistance R3-23, having a value of 9.1 k 2 4 is
selected on the basis of conditions necessary to obtain a
sufficilent pass band (of the order of 2 Mc) and a gain of
around 15 times is coanected to the anode grid of the video
amplifier,

To decrease the shuntimg action of the last stages, a
video pulse from the video amplifier is fed to the cathode
follower which comprises the second half of tube L3-7, from
the load of which (R3-28) a signal is applied to the matching
circuit. The amplitude characteristic of the videp amplifier,
taken from the output of the eathode follower, is depicted in
Fige. 80.

30. Construction of the Receiver

The i-f amplifier is made in tke form of two subpanels:
i-f preamplifier subpanel (Fig. 81, 82), and i-f amplifier
subpanel (Fige. 83, 84).

The i-f preamplifier subpanel is located in the receiver-

transmitter unit, and the i-f amplifier subpanel, in the range umit.

_179 -
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Such a separation is made because the i-f amplifier must
be placed in direct proximity to the crystal mixer to obtaim
a maximum signal-to-noise ratio. BRBut because the receiver-
transmitter unit where the crystal mixer is located is small
and it is not possible to put the i-f amplifier into it, the i-f
amplifier is structurally divided into two subpanels: the
pre- and the main i-f amplifier.

- The pre- and main i-f amplifiers are connected to each
other by h-f cable RK~156, which comsists of two parts connected
to each other be a hermetically sealed h-f plug.

The i-f amplifier and i-f preamplifier:subpanels. are attsched
tocthetthassis of the corresponding units By screws.

The input of the mein i-f amplifier is made in the form
of an h-f plug which is located at one end of the back edge
of the subpanel, and leads to the front panel of the range unmit.

The j-f proamplifier subpanel is supplied by a power
supply cable,

The i~-f amplifier power supply cable is t eminated Wy
seven-contact plug Sh3-1.

KTO type reference capacitors, which are connected to the
chassis by means of nuts, are used in other circuits. These
capacitors also serve ss reference points for the rest of the

components connected to them.

_160 -

SECRET

50X1-HUM

[
Declassified in Part - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9



Declassified in Part - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9
| SECRET

50X1-HUM

The screws for tuning fhe H-f circuilts are inserted in the
side of the tubes, The adopted construction of the circuits

and their attachment to the chassis provide for tuning i-f

amplifiers with the lids cloded.

SPN 191 The tuning screws are attached by special springs, and
. after tuning are sealed with colored laquer.

To improve the operating stability of the i-f amplifier,
the points of connection of the lids with the chassis are fitted
with a gasket of special high-frequency electrical seal in
the form of a special type of cord spliced with wire amd &
Monel metal strip, which improves the contact between the
1lis and the chassis.

The i-f presmplifier and i-f amplifier chassis are silver plated.

A special contact rack, which shorts the power lines of the
last stages halfway to the first, is set in the middle of the
subpanel to prevent galvanic connection of the first stage
of the main i~f amplifier with the last.

The tube sereens, besides their basie function as shields,
perform the role of tuse holders, which is sccomplished By
special clamp springs which are part of the screen.

These springs, besides this, provide for reliskle contact
between the tube leads and the panel jacks.

A view of the i-f presmplifier and amplifier from the

_181 -,
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mounting side are shown in Pig. 82 and Fig. 8L.

31, Noise AGC of the Réceiver (Noise AGC)

A constant voltage of set moises flows from the output
cathode follower of the receiver to the coincidence tubes
SPN lgzanﬁ then to the amplifier, pezk detector, and the output tube
of the sutomatic locking device.

The sensitlvity of the automatic locking device is
controlled at a definite noise level. When the envirommental
conditions or the supply voltages are asltered, and also
when the tube and component parameters change as a result of
age, the level of receiver set noises may change.

An incresse of noises may result in operstion of the
automatic locking device. |

Such a false lock causes range-oaly radar to be completely
faulty, since it excludes the possibility of locking on a
target.

A decrease in the noise level is less dangerous; it
leads to a certain loss of sensitivity of the automatic locking
device., For example, a twofold decrease in the noise level
relative to the initial level at which the automatic locking
device was set results in a loss of approximetely 3-5 db in the
set sensitivity.

In connection with this a noise AGC circuit, the purpose of

which is to maintain the constant noise level at the receiver
- - 182 -
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output when possible destabilizing factors act, is introduced
into range-only radar.

Besides this basic requirementy the AGC system must be
relativaly insensitive to external inberference and target
pulses whose intemsity can change over a wide
range.

SPN 196 The noise AGC circuit, comprising tubkes 13-% (6Zh2P),
L3-11k (6N3P), and L3-10Ca (6N3P) is shown in Big. 85.

The first stage (13-9) is an ordinary amplifier stage with
reFistors; the second stage (tube L3-11b) is a diode detector;
the third stage (tube (13-10z) is a cathode follower.

The circuit operates in the following manner:

Noise from the receiver output is applied to the input of
the amplifier stage (tube (13-9) through capacitor C3-36.

The amplified and phase-shifted moises are taken from resistcr
R3=l42, which is the plste load of L3-9, and fed to L3-11b. The
detected negative noise voltage then flows from the plate load
R3-42 of tube L3-11b to the grid of cathode follower 13-10a
and thence to the grids of the i-f amplifier comtrol tubes.

In order to avoid the effects of pulse noises reflectec
from ground objects on the AGC circult, the latter is blocked
for a period of 50 < 70 microseconds from the moment of emission

of the main pulse,

-186 -
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The trigger pulse from umit 2 passes to diode L3-20b (right
half), is expanded by the R3-983;C3-70 network, passes through
capacitor C3-69 to the pentode grid of tube L3-9, and blocks
the tube for a mperiod of 50 to 70 microseconds.

Consequently, the noise AGC circuit does not function for
a period of 50 to 70 microseconds during reception (see Fig. 86).

The origimal noise level at the output of the receiver chanpel
is set by potentiometer R3-L5 and corresponds to a certein negative
voltage at the AGC output.

SPN 197

The noise level at the output of the receiver channel is
set within 1imits of 5 & 7 v (0.5 of the cutoff limit).

When the noise level at the output of the receiver changes
relative to the originally prescribed level, the AGC circuit
changes its negative output voltage, leading to a change .. in
the gain of the receiver and to the retention of the prescribed
noise level at the output of the receiver channel.

In the event of the absence of manipulation of the circuit
by a negative pulse when pulses reflected from ground objects
are present, the AGC circuit increases the comtrolling voltage,

which decreases both the noise level at the output of the
receiver as well as the sensitivity of the set.

32, Pulse Automatic Gain Control of the Receiver (Pulse AGC)

Pulse attomatic gain control is designed to maintain the

pulse amplitude of the target at the receiver output at an
- 187 =
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approximately constant level when the intensity of the reflected
signal at the input changes over & wide range. This is achieved
by increasing the accuracy of determining the range to the target,
since in the sbsence of such control the determined range
would depend on the intensity of the reflected signalj; thus,
the range would be different for two aircraft (targets) of
different size located exactly the same distance from the
SPN 202 receiver. There would also be an error in closing with the
target. This is explsined in Fig. 87.

The pulse AGC circuit operates only on the basis of & selective
pulse; that is, a pulse which is locked on by the range unit.
Such selection is necessary so that a decrease in the gainm of
the receiver does not occur in the presence of strong
extpaneous pulses (for example, noises reflected from nearvy
aireraft of the groumd), which could lead to the impossibility
of locking on a week useful pulse reflected from the target.

The pulse AGC circuit (Fig. 88) operates in the following
manners:

A positive pulse passes from the anode of the amplifier of
the automatic lécking device (13-19, right half of the tube)
through spacing capacitor C3-65 to the grid of the amplifier
of tube L3-11 (6N1P). The performance of this amplifier (bias)
is determined by the control "Pulse Amplitude" (pobentiometer

R3=-65).
-192 -
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A negative pulse taken from load R3-52 is detected by the
normally closed right diode of tube L3-10 and, from its load
and the stretching capacitance (R5-L7, C3=39), is applied in
the form of a8 d-c voltage to the grid of the cathode follower
(left triode of tube L3-10) and thence to the conmtrol grids of
the 1-f amplifier comtrol tubes.

The change in bias at the control grid of tube L3-1la
leads to a change in the amplitude of the video pulss at the
output of the receiver channel. The magnitude of the
amplitude at the output of the receiver channel is usually

maintained to within 0.9 of the cutoff level.
“BN 202

-193 -
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SPN
203 vII, POWER SUPPLY RBO-L
33. Function

This unit is intended to supply the units of the "Kvant® rang:-
only radar with rectified, gtabilized voltages of:

+ 300 v, + 200 v, + 150 v, and - 150 v.
34. Functional Diagram

The functional diagram of the power supply consists of seven

basic assemblies and is shown in figure 89.

~ Vhen a ~ 115 v, LOO cps voltage is applied to the primery wirdings
of the transformers, voltages are taken from the secondary windings
and fed to rectifiers designed as bridge circults with crystal dicdes
type D7Zh. After this, the rectified pulsating voltages are red 1o
electronic voltage stabilizers.

The constant voltages are fed from the output of these stabiiizer:

- to the plug connector of the unit.
35, Schematic Diagram of the Unit

A schematic diagram of the unit is shown in figure 90. the unit
is supplied by a ~ 115 v, LOO cps a-c voltage.

Hectifier and Stabilizer, + 300 v

The rectifier which supplies the electronic stabilizer with

+ 300 v is built on a bridge circuit with crystal diodes N7=7h.
SPN
20l Four erystal diodes are connected to each arm of thre bridge.

In order to decrease the pulsations of the rectified voitage, a
capacitor Cli-1 equal to 2 microfarads is placed at the cutput of the
rectifier.

The circuit operates in the following manner.

when an a-c voltage (~ 115 v, 4OO cps) is applied %o the primary

A 4
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winding of the transformer, a voltage of ~ 390 v is taken from the
secondary winding 3-5 and applied to the bridge.

When terminal 3 of secondary winding 3-5 of transformer Tri-2 is
positive with respect to terminal 5, DL-17, D4-18, D4-19, Dh-20 end
bh-25, Dh-26, D4-27, and DL-28 function.

At the next moment, when terminal 5 of the secondary winding is
positive, arms Dh-16, Dh4=-15, DL-1l, DL~13 and DL-2L, Di-23, Dh-22,
and DL-21 function.

Thus, the rectified current passes through the load through both
half periods in one direction.

There are no filters in this rectifier. This is explained bv tha
fact that the property of the electron-ion voltage stabilizer circuit
is used as a filter.

Stabilizers of this type have instantaneous reaction itc chances
in the voltage of an external power supply, which is the rectifier,
while maintaining at the same time a steady output voltage.

Further, the rectified voltage is applied to an electronic vol-
tage stabilizer which is designed as a series-connected cirecnit with
a control tube (LL-1) type 6P1P and a two-stage d-c amplifier (tube
Li=l) (6N2P), with a reference voltage supplied by voltage stabilizer
5G3S (LL4=10), which is common for all electronic stabilizers of t-e
unit.

Let us assume that, due to an increase in voltage of the ~ 115 %
100 cps supoly network, or as a result of a decrease in current c¢o-n-
sumption, the wvoltage at the output of the electron-ion stabilizer
increases. This leads to an increase in the divider current, consis-~
ting of resistors Ri=5, RL=7, RL4=8, and RL4-9, to a decrease in nera-
tive bias at the control grid of the right half of tube Li~2, and,
accordingly, to an increase in its anode current and a drop in veltaga
across resistor R4-5. In turn, the inereased voltage drop at resistar
Rli~5 causes a decrease in nepative bias in the left half of tube Li=2
and an increase in its anode current, and, accordingly, to an inecreas:z
in the voltage drop across resistor Rl-L. The voltage drop at re-istor
Ri=l is in no way different than the bias of control tube Li-1, wiich
determines its internal resistance. .

The internal resistance of tube Li~1 increases, causing an i--

crease in the value of the voltage applied to it and a decrease i: th:
voltage at the output of the stabilizer.

-195 -
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SPN .
206 Thus, the resulting increase in voltage will be compensated. Witk

a decrease in the voltape of the ~115v, LOO cps supply network, or

with an increase in current consumption, the voltage at the outpu: of

the electronic' stabilizer will be stabilized in a similar manner.

Resistors RL=2 and kl-88 serve to limit the current through —ube
L4-1 (6P1P).

Capacitor CLh-2 serves to increase filtering of the output va.tage.

Capacitor Cli=3 is a decoupling capacitor.

Fuse Prl-2 serves to protect tubes Li~1 and LL~2 and transfor-mer
Trh"l.

Rectifiers and Stabilizers, + 200 v and + 150 v

The rectifier which supplies the + 200 v and + 150 v electroaic
stabilizers is assemblied in & bridge circuit with crystal diodes J(Zh.
Three crystal diodes are connected to each arm,

The principle of operation of the rectifier is analogous to -hat

- described above,

The 200 v electron-ion voltage stabilizer uses tubes LL-3, L.-4,
and Ll=5a,

The 150 v electron-ion voltage stabilizer uses tubes Li~6, L.i-7,
and LL-5b.

SPN
207 Rectifier and Stabilizer, - 150 v

The rectifier which supplies the = 150 v electronic stabilis=r is
also designed as a bridge circuit with D7Zh crystal diodes. irach am
is connected to 2 diodes.

Unlike the positive voltage rectifiers examined above, the vol-
tage for the stabilizar is taken from the "minus" side of the briige
circuit in this case.

Tube Ll-8 is used as a regulating tube, LL-9 as & control tubve,
and LL=10 as the reference voltage source.

The principle of operation and functions of the individual eie-

L4 2196 =
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ments of the circuit are analogous to the above-described circulite
with only one exception -- in the negative-voltage electron-ion stabi-
lizer, a decrease in supply voltage causes a decrease in negative bias
as the control tube.

Resistor =32 is the load resistance of voltage stabilizer 1.h=1C,

Capacitor CL-11 serves to decrease pulsations of the voltage sta-
bilizer as well as possible self-excitations of the circuit.

SPN
208 36, Construction of the Unit

The power supply unit is built in a separate mounting frame
having a shock-absorbing frame and housing.

A general view of the unit is given in figures 91, 92, ©3, and Y.

The more intense sources of heat, namely tubes 6PLP (& tubes!,
6N2P (3 tubes), SG3S (1 tube), and the vitrified resistor are placed in
a section adjacent to the front panel. The capacitors are scparased
from the forward section by an insulating partition.

- On the front panel of the unit (fig. 91) is a fuse box and &
cable with a 9-pin comnector plug.

At the rear wall of the unit (fig. 91) on a brace are the crysta.
diodes, which are separated from the capacitor section by another
screen made of textolite.

Also on the rear wall of the unit are the control units for
+ 300 v, + 200 v, 4 150 v, and - 150 v.

The shock-mounted frame is mounted to the housing with the aid of
locator pins and two knurled hinge nuts.

The dimensions of the unit are: 284 X 150 X 168 mm.

Weight of the unit: UL ke.

SPN
212 VITI. Speed Unit RB6-5

37. Function

This unit is designed to automatically determine the reiative

. -198 -
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speed of the target and to feed the corresponding voltage to the sight
computer ASP-S5NM and to the comparator unit X-8.

38. Basic Technical Data of the Unit

a. itule for speed voltage output in mode "A":
Usp (v) 2 - 0.1V  m/sec
in mode 'B'j
Usp (v) = = 0.04 V m/sec
Speed is positive during approach.
b. Maximum statistical error in determining speed:
in mode "A" -- no greater than * 10 m/sec
in mode "B" -- no greater than * 35 m/sec

c. Target speed voltage is oresented in a speed range crom
- - 100 m/sec %o + LOO m/sec.

d. Dimensions of the unit: 92 X 92 X 170 [mm]

e. Weight of the unit: 1.4 kg.

39. Functional Diagram of the Speed Unit (Fig. 95!

The range voltage Uq from unit RB6-3, taken from cathode fol owe:

L3-22b through filter RH-13, C5-9, is applied to differentiating
circuit C5-1, R5-1.

SPN

21k A voltape appears at the output of the differentiating cirecu'.t
which is proportional to the rate of change of the voltage at the
input of the circuit. $ince a range voltage is applied to the imut,
the output will provide a voltage which is proportional to rate o
approach or withdrawal of the target (fig. 96).

The magnitude of this voltage is small and must be amplified to
the required value. Since the speed voltage is constant or changes
slowly, a d-c amplifier must be used for this purpose.

- 202 -
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The presence of drift makes it impossible to use ordinary d=-
amplifier circuits, and, therefore, a special amplifier was designed.

The amplifier consists of a balance converter based on tubes
L5-1 and L5-2 (type 636B), a phase detector based on tube L5-3 (4/hlB!,
and a cathode follower -- tube LS-l, type 6S6B.

The amplifier encoimpasses a feedback circult which increases its
operating stebility and provides a constant amplification factor. Th
value of this amplification factor is determined by the feedback ~ir-
cuit and is equal to 8. ,

The speed voltage passes from the output of the phase detectsr
through cathode follower L5-l to the sight computer ASP-5NM -nd %> th=
comparator unit K-8.

SPN
216 Capacitor C5-8 is used to smooth speed voltage fluctuations.
During the setup time of the speed voltage, equal to 1 recond, cadaci-
tor C5-8 is disconnected. If this were not the case, the sstup time
would be considerably greater.
0. Description of Schematic Diagram (Fig. 97)
-

A voltage proportional to the range to the target is aoplied
through filter R5-13 and C5-9 to the differentiating circuit C5-1 and
RS-1, at the output of which is produced a voltage propertional to the
speed of the target. This may be explained by the fact that, at the
output of such a circuit, the voltage is expressed by the relationshin:

dU;
U = =38+ ¢
out. 4t

This condition will be satisfied within a time corresponding to
(3 # i) RC (fig. 96); sgince, when the station is operating in mocfe "a®

Uin. = 95 » —55 ; then,
dVin, _ __1 4D |
dt 20 dt ’
correspondingly: 1
U l’}U.t - - RCC\'D »
. 20 dt
SPN 6 -6
217 Since: RC = 1:10-0.25'10 = 0.25 sec,
U g, = 4D
I FTa
- - 20h -
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€52 ¢5-3 54  RS-4
%RS-\ SRE Sorpt F300pF 390 K- .

T e = = = ﬂ Pos. | GOST-VTU Designation and Rating [o.
; o desigd specs. type [
TT T —— 752 RS-1 [VPL675006  |Res.PTU-1-1at 1% 1¥a |1
15T R5-2 0ZhOL67003TU |ies . LT~0.5-100kn-I1-B | 100 ki | 1
coninon - R5-3  0ZhOL6T7CO3TU |fes. ¥LT-0,5-51kn~T1I-B 51 ka |1
+27v | L R5-13 R5-l 10ZhOLETO03TU |Res. ¥LT-0.5-3¢0kn~-II-B | 390 ka | 1
0 T 3¢ ko R5-® RG-S |VPL67500L  |Res.PTU-0.5-12ka 1% 12 ka |1
range| > (5.9 Dsmm R5-6 [VPLET500l  |Res.PTU-0.5-100ka1% 100 ka |1
s | 6 =77 R5-7 10ZhOL670031TY [Res MLT-1-33kn~II-B 33 kn |1
|4 200 vi 7 L5-i LS-2 L53 LEY4 gg-& ,822022;003% Res.i-%%-g.é-glgg-zi-s glg ka i
k= 368 56 (zmg | o Tom |R5-9  |0ZhOLETO03TU [Res MLT-0.5-5.6ka-IT-B .6k
%?.’.CTCf‘.}in: 8 54 6 €368 6zn8 %5—’;’ 6368 11210 [0ZhOL6T0031TU |Res MLT-0. 5-16kn-TT-B 16 ka |1
e 9 o?sr.;' # R5-11 |0Zh0L67003TU [Res . MLT-1-51ka~II-B Sl ka |1
speed |93 25-12 [0ZhOL6T003TU |2es HLT-0.5-100ka~II-B | 100 k0 |1
P R R5-1 C5-1 [UBOL610157U |Cap.iPG-P-250-0,25-T 0.25 pf] 1
track. TME RS-12 e e 05-2 UBOL62017TU |Cap.BGH~T=1-0,0Lpf-I 0.01 mf{1
U speed| 12 nmﬂ R5-9 C5-3 |UBOL620L7TU |Cap«BGM~T~-1-0.01paf-II 0.01 pfl 1

13 Q52 853 mefg_\o [Je4 1o5-i UBOk62017TU [Cap.BGH-T-1-3300p£-IT | 3300 pff 1
TR T feke  Su R SIKS 105-5  102h0Li62022TU | Cap . MBGP~1-200-A~0,5wf-11] 0.5 mf |1
i _3%’“ C5~6 |0Zh0L62022TU |Cap .MBGP-1-200-4-2-11 2puf |2
1 L] Cs-5 C5-7 |0ZhOL62022TU |Cap JHMBGP=2-200-A=1~I1 1paf |2
16 s I Sspk 05-8 [0Zh0L62022TU |Cap JHBGP-2-100-A~0.5-IT | 0.5 mf |1
] oo R5-5 RS-6 C5-9 [0Zh0 (2)  |Cap.BGM-2-LOO-(?) () |1
E 12 KO 00 KO- L5-1- [UTUOL31655 |Radiotube 6S6B : 1
15-2 [UTUO131655 |Radiotube 6S6B 1
15-3 [UTUC131655 |Radiotube 6ZhlB 1
é ~ L5=ly |UTU0131655 |Radiotube 636B 1
262131 (2?) Res, (?) 36 k0 |1
R&-2 Tr5-1 (GYali71403ly |Transf. (?anode cur?) 1
v Tr5=-2 iG(?)-820-000| Transformer 1
N /el ulflEl2l  jelay a2 i 1
& 25‘8 RG-2 1Yul716121 !aela;y, (Sli-2 ’ 1
Ke)« to Hau\'e 97.
ARCRT
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The given value of sveed is determined by the relationship:
14D
This also explains the need for an amplifier with an amplificationr
factor U
. SP. 8
' Uout. *
“hen the station is operatinz in mode "B"
- D
Uin.‘ 195 - —e5
dUin, 14D
dt 50dt
Accordingly: 1
U ut.= - ) RC —j'%—
Since the time constant has not changed,
RC = 0.25 microfarad
Uy = - ot
L eut. " 200 dt
St
218 Since the amplification remains as before, the speed scsle ir
the "B" mode will equali
P U Sp‘ — 8
T U Outo
U gp. = Uout. E‘ = - 0.0i_]. V

An L-shaped filter 143 C9 1s introduced for the purpose of elimi-
nating extraneous influences found in the range voltage.

The computing circuit is also a d-c amplifier with an amplifica-
tion factor equal to 8.

The necessity of obtaining a linear characteristic and stable
operation of the amplifier led to the use of a converter at the omtput
of circuit LS5-1 and L5-2 to convert the d-c voltage to L00 ens signals
and to the realization of a basic gain in alternating current. Subse-
quent reverse conversion is accomplished by a phase detector {L5-3}.

In the search mode the control grid of L5-1 of the balance con-
verter is connected to ground and the voltage at the gricd is equal to

-
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zero. The latter is also the case when locking on a stationary tar-

get, when the range voltage does not change.

The voltage at L5~2 is also equal to zero, while the currents:

flowing through the right and left windings of pulse transformer 'r5-

are equal in value. "here is no a-c voltage at the output wirdin-: of

TI"S-Z.
SPN
290 An a-c voltage (100 v, LOO eps) is applied to the screen gri.i of

phase detector from a special winding of transformer TrS5-l. During tis.
positive half of the voltage cycle at the screen, the tube opens and
current flows through the anode c¢ircuit. During the nerative cva.e,
the tube is closed and current ceases to flow.

Capacitor C5-6 smooths the voltage pulsations at the amode, lhe
operating conditions of the tube are selected in the given case so
that the voltage at the anode of 15-3 is equal to zero (this is possi-
ble since the cathode of L5-3 is ‘supplied by the - 100 v source).

This voltage is applied to the grid of cathode follower L5~L. A rere
voltage is fed from the output of L5~l through feedback iivider Ri.-6,
R5-5, and R6-6 to the grid of L5-2 and to the sight circaite.

then trakking an approaching target the range voltajze increases.
- The derivative of this increasing value is positive and, therefore,
the voltage at the left grid of the balancing amplifier increcases to &
certain positive value. This value will depend on the closing spred.

Due to the increase in voltage at the grid, the current in tipe

L5-1 increases in comparison with the current in the right helf. These¢
currents cease to compensate for each other and an a-c signal appears
at the output of Tr5-2. The middle point of Tr5-2 is supplied by an
a-c voltage (200 v, LOO ops) from transformer Tr5-1. The a-¢ voltage
from the output of TrS-2 is aoplied to the grid of phase detector iSe?.

SPN

202 As may be seen from figure 986, the phases of the signal voltsare
and the voltage at the sareen grid of L5-3 are, in this case, in
opposition. This leads to the fact that, during the positive half of
the screen voltage cycla, the voltage at the control grid decreases
and the anode current of the tube also becomes less, while the voltage
at the anode increases.

The increase in voltage at the anode is transmitted throuch L&-3
to the sight. In tracking a receding target the voltage at the con-
trol grid of L5-1 is negative and the phase of the signal voltage at
L5-3 coincides with the vhase of the reference voltage.
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The anode current of L5-3 increases and the voltage at the #node
and at the output of the circuit drop. The values of the voltage at
the output become negative. In order to obtain a linear transfer
characteristic, the entire circuit encompasses a feedback circuii in
the form of divider E5-3, R5-5, and R6=6,

Due to the high "internal" gain, the trensfer constant of tte
entire amplifier is determined in the basic feedback circuit by:

s
K= 0

_l-t-Koﬁ ?

where: K - the transfer constant of the amplifier with feedback;

K_ = the transfer constant of the same amplifier without a
feedback circuit;

B - the feedback factor.

In our case X, = 1,000.
SPN
223 P,: R5=5 + Rb=b - ~ _J_..
G-l + I6-6 + R5=-5 B

Thus: 1,000

- L= ——0a = 8 .

'L + 1,00Q
8

Since the scale (slope of the characteristic) of the speed vol-
tage depends on the value of the transfer constant, it may be comtroli d
by changing § by means of R6-6.

Null control is accomplished with the aid of variable resistor
R6-10, which balances the currents in L5-1 and LE-2.

To decrease speed voltage fluctuations, which will ocecur because
of fluctuations in range voltage, the smoothing filter 15-6 and (-8
is introduced into the feedback circuit.

The principle of operation of the filter is based on the fact
that, in the given cass, the feedback factor for the high-frequency
components of speed voltage will be considerably greater than 8, sinae
the equivalent resistance of C5-8 will decrease with an increase in
frequency and will become less than R5-6.

Accordingly, the amplification factor of the amplifier for high-
frequency components decreases and fluctuations do not pass to the

2210 -
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output of the circuit.

A delay in switching on the filter is necessary in order to ce-
crease the setup time of the speed voltage.
SPN
ook Tn the differentisting circuit RC = 0.25 sec. Without consirer-
ing the filter, the setup time is 0.75 ¢+ 1 sec., and with the filter
it reaches greater values (RC of the filter = 0,05; LRC = 0.2 sec,
considering gain, RCoquyy, = 8 x 0.2 = 1.6 sec).

In the search mode a search voltage will appear at the input of
the differentiating circuitwhich will fluctuate between 25 and 18t
volts. When locking-on is achieved, the voltage will correspond to
the range to the target.

In order that the unit will not be overloaded by large voltages
while in the search mode (scamning rate = 3,000 m/sec), the grid cir-
cuit of the input tube of the balance converter L5-1 is connected to
ground by contacts 1;2 of relay Rs-1 and opens only at the moment of
lock-on, while, simultameously, contacts 33L of the same relsy serd
a lock-on signal to the sight ASP-5NM.

- Ll. Construction

The speed unit has a cylindrical shape with a maximum diameter ol
92 [mm] and a length ¢f 170 [mm], The unit is dust- and moisture-
proof.

Located on the front panel of the unit are tubes with rubber
SPN seals protected a perforated metal casing, and the connecting cab.e
725 with hermetically sealed bushings located under the protective face
plate and shield. (Fig. 99).

Perpendicular to the front panel is the mounting frame which has
cutouts of complex shape,

On the top of the mounting frame (fig. 100) are located: the
power transformer, a type RSM relay, an interstage transformer
TI-87-0-000, type MGBP capacitors, type MPGP capacitor for the «if-
ferentiating circuit, and a wiring panel.

Precision resistors are located on the bottom of the mountin;
frame (fig. 101).

The unit has a cylindrical housing with a sealing flange.
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Sealing is accomplished through the use of a rubber gasket he-
tween the front panel and the flange of the housing. The urnit hes
removable holding straps.

The weight of the unit is 1.l kg.

SPN
228 7« Control Panel (K-6)

i2.  Function of Control Panel

The control panel is the center of all the basic centrols of the
set and is the control point from which is measured the voltage at th-
"sensitivity" potentiometer of the automatic lock-on device. In 3ddi-
tion, the "time relay" which serves to delay cutting in of the hish
voltage in unit RB6-2M, and the eircuit switching relay for the overa-
ting modes of the set are also located on the control panel.

I3, Schematic Diagram of Control Panel

A schematic diagram of the control panel is given in firure > 02.

- Fuse PR6-2 (5 a) is located in the 115 vy, LOO cps circuit-breaker.
When the current consumed by the sight or the radar in the 115 v,
LOO cps circuit exceeds § amperes, fuse PR6-2 blows the circuit-break-
er in the network.

Fuse PR6-1 (10 a) is located at the breaker for the 27 v circuit.
When radar or sight current exceeds 10 amperes in this circuit, fuse
PR6-1 breaks the circuit.

The "AFC Gain" potentiometer serves to regulate the initial tias

at the control grid of the i-f amplifier tube of the AFC circuit.
Capacitor Cé-2 blocks hich-frequency current from resistor ¥5-3.

SPN

229 The "Sensitivity" sotentiometer R6-13 and resistors R5-12 ané
R6-1l; create the neceszaryv level at which the automatic lock-on cfr-
cuits begin to operate (see the description of the automstic Locke--sn
circuit of range unit I36-3).

The "Range Zero" potentiometer (R6-15) and resistor R6-lG com ris-
a divider from which is %aken the voltage for regulating range zers in
the "Fast Sawtooth" generator.

Potentiometer H5-11 is located in the grid control circuit of the

~ <21 -

SECRET . 50X1-HUM
|
Declassified in Part - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9




Declassified in Part - Sanitized Copy Approved for Rgﬁe&s&2012lo4/12 : CIA-RDP78-03066R000300170001-9
50X1-HUM

fast sawtooth generator and regulates the range "Scale" in rode A",
Potentiometer R6-17 regulates the range "Scale" in mode "R,

Potentiometer RE~6 is located in the feedback network of the cire
cult which provides the speed voltage and serves to remilate the
"Speed Scale.”

Potentiometer i€-10, resistors R6-8, R6-9, and capacitors Ct-3,
C6-l are placed in the cathode circuits of the amplifier used in the
speed processing circuit. Potentiometer R6-10 regulates the speed
"zero."

The purpose of relays R6-1 and R6-2 is to delay cutting in ci" tke
high voltage for the period of time necessary to warm-up the moduiater
in the receiver-transmitter unit. Relay R6-1 is a thermorelay; 16-2 i
an electromagnetic relay.

SPN A voltage of 4 27 v is fed to the winding of R6-2, which cleczes
230 the high-voltage circuit (contacts 7-12), through the normally open
contacts of relay R6-1 {contacts 3-l).

When the toggle-switch "stantsiya" [set] on the 8irht is switched
on, a voltage (~ 115 v, }i00 cps) is applied to unit RB6-l, where the
- supply voltages of the set are produced. A - 150 v voltage is fed to
thermorelay R6-1. The operating time of the thermorelay is °.5 t:
3 min. When the relay operates, contacts 3-); close and + 27 v is
applied to the winding of relay R6-2, operating this relay and elo>sin:
contacts 7-12.

After this, the high voltage may be turned on by means of te-gle-
switch "Radio-Optics" located on the control panel of the sicht. whe:
this switch is turned on, a voltage of ~ 115 v, L0OO cps is anpliad to
the primary winding of the high-voltage transformer in unit {B6-7"
and signals that the hirh voltage is on.

Fuse PR6-3 (0.5 a) is located in the high-voltage switching ~ir-
cult. If current consumntion in this circuit exceeds 0.5 armere.
the fuse blows and the circuit is opened.

Relay 16-3 serves to switch the radar circuits between rodes
"A" and "B". In mode "A", when the relay is de-energized, the ra:;ge
voltage is applied to the sight according to the rule:

D

WUC; = 195 - 5

(contacts 11 and 6), the circuit ¥%-17, R6-18, R6-19 is shorted (con-
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tacts 9-1), and the ferrite switch switches operation of the antenna
to wide beam (contacts 12-8 and 10-3).

SPN

231 With the presence of a mode "B" signal, relay R6-3 operates and
disconnects the range voltage from the sight circuits, apnlying it te
unit K-8 (contacts 11-5). The network R6-17; R6-18; R6-19 is cornec-
ted in series with the notentiometer "Range Scale A," fcllowing the

rule: )
U, = __u_.
4= 195 50

Simultaneously, the ferrite switch switches the antenna to
narrow beam. Resistor #6-21 (100 ohms)serves to measure the currents
of the ferrite switch in moth modes.

fesistors R6-7 and H6-20 provide the required magnetization
current for the ferrite in both modes.

Il Construction of Control Panel

(Figures 103, 10L)

- The control panel is made of a box chassis and a housines whi~h i=s
fastened to the chassis by 5 screws. On the front panel of the uiit
are the following:

a. "Sensitivity" potentiometer
SPN b. "Range Zero" potentiometer
232 c. "Range Scale A" notentiometer
d. '"Hange Scale BY potentiometer
e. "AFC Gain" potentiometer
f. "Speed Zero" potentiometer
g. "Speed Scale!" potentiometer
h. "115 v, 5 a" fuse
i. 115 v, "V,N." [High-Voltage], 0.5 a fuse
Je "27 v", 10 a fuse

At the bottom of the unit is a cable which connects to an iner-
mediate cable with the aid of a type "R" connector with 28 contactus.

Dimensions of the unit: 170 X 110 X 78 mm.

weight of the unit: 1.5 kg.

- 217 -

SECRET ‘ 50X1-HUM

Declassified in Part - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9



Declassified in Part - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9

SECRET
50X1-HUM
A4
SPN
235 %. Comparator Unit (X-8)
5. Ffunction

The comparator is designed for:

a) Supplying a present-rangs-to-target voltage to the pilot's
range indicator "UD-1" following the rule:

U ranpe (volts) = 3.75 D (km).

b) Automatically comparing present range to target with the per-
missible launch rangs of homing missiles K-13 and supplying a trigger
signal to the green light "Launch" located on the pilot's instrument
panel.

¢) Signalling when withdrawal-from-attack range has been reachen
(the red light "Pull-Out" located on the pilot's instrument panel.

d) Feeding a d-¢ voltage (+ 27 v) to VRD-24,

Switching the circuits of the unit to operating status is accom-
plished automatically by lock-on and mode signals.

-
6. Basic Technical Data of the Unit

a) The operating range supplied to the pilot's range indicgror
n"yp-1": O + 8 km.

b) The relationship of present-range-to-target voltages supnlied
to the pilot's range indicator is given in table #1,

Tahie #1
SPN
236 D [range] (m) Uy (v)
Y 0
1,000 3.75
2,000 7.50
3,000 11.25
11,000 15.00
5,000 18.75
6,000 22,50
7,000 26.25
8,000 30,00
[ 219 -
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¢) The relationship of withdrawal-from-attack siznal (pull-out
signal) to range-to-tarpet:

1,000 m & D

pull-out € 1,150 m

d) Dimensions of the unit: 159 X 109 X 90 [mm].

e) Weight of the unit: 1 kg.

L47. Description of Operation of Unit According to

Functional Diagram

A functional diagrem of the unit is glven in figure 105.

The permissible range voltage (U} er) from the outout of VRI-2A
and the present range voltage (U= 195 - D ) are fed through the
50

cathode follower to the comparator tube L8-2, which is closed in +the
initial state.

The moment of launching the missile is determined from the
equality:
Dpres & D1:)<-3r
SPN

237 When Uy presé U, tube L8-2 opens and the voltage at its

{ per?

anode drops suddenly. At the same time, the voltage at the grid cf
the tube of relay Lo-3e decreases, the tube closes, and the relay,
which is connected to the anode of the tube by its normally closer:
contacts, turns on the green light "Launch."

The "pull-out" circuit consists of a precision divider to which
is fed, on the one hand, the present range voltage and, on the otter,
a negative voltage of -~ 150 v.

The voltage from the divider is applied to the grid of tube
L8-3b, to the anode of which is connected the pull-out signal relsv.

The tube is closed in its initisl state.
With the arrival of a lock-on signal and when the range voltage
has reached a value equal to a distance of 1,000 + 1,150 m, the tube

opens and the relay operates. The "Pull-Out' light on the vnilot's
instrument panel turns on.
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The circuit used to convert the present range voltage tc the vol-
tage which is applied to the pilot's range indicator consists of an
operational amplifier in a negative feedback circuit.

The present range voltage, which is applied to the input of ~he
operational amplifier, changes from 195 v to 35 v with changes in ram:
from O to 8 km; that is, it changes according to decay law.

In connection with the fact that the full deflection current of
SPN the pilot's range indicator is equal to 10 ma and the resistance of tw
238 instrument is equal to 3 kilohms, it is necessary that the voltag: in
the indicator change within limits of O to 30 v with changes in range
(Dpres) from O to 8 km; that is, according to an increasing law.

Conversion of the law to a range voltage scale is accomplish:zd b

the operational amplifier which sends a range voltage in ths necessar-
scale to the pilot's indicator.

48. Description of Operation of Unit According to

chematic Diagram

~ A schematic diagram of the unit is given in figure 106.

When the set is operating in mode "A", relay R8-5 is in the re-
leased position. In this case the circuit of the range insirumemt is
open.

In the absence of a lock-on signal, relaysR8-3, RB-l are in the
released position.

The range instrument and "Launch'" signal circults are ooen &nd
part of the divider of the pull-out circuit is connected to crount.

In the presence of a mode "B" signal and a lock-on signal, the
relay operates and the circuit becomes operative.

The basie function performed by the unit is the comparison ol tw>
voltages:
\Jd‘pres -- supplied by the range unit, and.\JJper -~ taken frowr po-
tentiometer VRD-2A.

n ‘
The present range voltage in the scale W= 195 - —%6 , baker frox
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SPN

240 . unit RB6-3, flows through cathode follower L8-1 (a) to the precision
divider R8-33, RB-3lL, RB-35, to the other end of which flows (alsc
through the cathode follower L8-1 (b)) the permissible range voltege
taken from potentiometer YRD-2A, The control grid of tube LU-2, &
pentode with high transeonductance and & high-resistance ancde lotd,
is connected to the middle point of the divider; therefore, the siight-
est change in the voltage at the grid with respect to the cathode will
cause a sharp change in the potential of the anode.

Tube L8-3a is open in its normal state.

The operating condition of tube L8-2 is selected so that whem
voltagelkgpres is greater or equal to J pep, the tube opens and &
voltage is suddenly applied to its anode. Ehe drop in voltage thxough
divider R8-7, R8-8 is applied to the grid of tube L8-3a. The tube
closes and de-energizes relay if-l. The green light "Launch" on *he
pilot's instrument panel is turned on. The withdrawal-from-attack
circuit consists of a precision divider and tube L8-3b; the anode of
this tube is connected to relay H8-2, One sgide of the divider is
supplied by a voltage of - 150 v and the other side by the present
range voltage.

In its initial state, when there is no lock-on signal, part of
- the divider is grounded through contacts 3 and li of relay Rbt-L, and a
negative voltage from RE-13 is applied to the grid of LE-3b, closing
the tube to current flow.
SPN
2h1 With the arrival of a lock-on signal, relay R8-lL operates am!
the divider is disconnected from ground.

Now a range voltage flows to the divider. When the range vo..bage
equals 175 & 172 v [sic], corresponding to a range of 1,000 - 1,150 m,
the potential at the control grid of L8-3b increases until the tube
opens and relay R8-2 operates. The red light "Pull-Out" on *he plot :
instrument panel is turned ox.

In order to check for errors in the comparator circuit and tne
pull-out range circuit during ground checkout, a calibration signal is
taken from the control instrument K’K. In this case, relays ii8-7 and
RB-6 will operate and send voltages from KPK to the input of the com-
parator circuit, simulating permissible and current range voltages.

The circuit which supplies the range voltage to the pilet's -ange

indicator is designed with tubes L8-L and L8-5. The true range woltai:r
changes from 195 to 35 v; that is, the voltage drop will equal 16 v,

-225 =
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The voltapge applied to the range indicator must change Trom ) v t-
30 v; thet is, the voltage drop to the indicator is approximstely ©
times less.

This condition determines the scale of the operational amplifier.
which is set by the ratio of the arms of divider R8-16, R8-17.

For precise adjustment of the scale, the divider is connected tc
potentiometer n8-16, the center point of which is connected to the
grid of tube L8-5,

SPN
2L2 The operational amnlifier represents a servo system with strong

negative feedback.

Tube LB-5, a pentode with high gain, picks up the smallest
changes in voltage at the center point of potentiometer RB-15 ane,
after amplification, feeds the voltage through divider 18-20, RB8~21 t=2
the grid of cathode follower L8-lb.

A change in voltage at the cathode of L8-lb causes a change in
the voltage drop across R8-17 so that the wvoltage at the center point
of potentiometer RE8-16 will always equal zero. As an example, let us
assume that the voltage at the cathode of L8=La decreases; then the

- potential at the control grid of L8-5 decreases, the voltage at the
anode of this tube increases and is fed through divider R8-20, RE-21
to the cathode follower L8-Lb., The increase in voltage at the cathode
of LB8-Lb causes an incroase in the voltage drop across /18-17 so that
the voltage at the center point of potentiometer R8-16 will equal zerc.

On the other hand, if the voltage at the cathode of L8-ia in-
creases, the voltage at the cathode of L8-lb decreases to a correspon-
ding degree and the voltage at the center point of potentiometer
RE-16 will again equal zero.

The range voltage in the necessary scale is fed to the oilot's
range indicator.

SPN Tubes L8~6 and L8-7 form a rectifier with electronic stabiliza-

2h3 tion for supplying VRD-24 with a d-c voltage of 28 v. Potentiomeler
R8-L1 (VRD), located on the front panel of the unit, sets the outsut
voltage of the rectifier.

LS. Construction of the Comparator

The comparator wait is built in a box chassis, one wall of wrich
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forms the front panel. A1l parts are mounted on plates to provi je
{gg?.access to the parte when renlacement may be necessary ffig. 107.

The housing is fastened to the chassis with screws.

On the front panel of the unit are the following:

1) "Range Zero" potentiometer (2=24).

2) "Range Scale” nntentiometer (R-16).

3)  "Pull-Out' potentiometer (R-12),

L)  "VRD Calibration" potentiometer (R-111).

5) six control points.

6) Two terminals: "Out. D" and "Out. VRD", which can se us:d
to check the comparator and pull-out channels in the aircraft or in
the absence of VRD-24,

The unit is connected to the intermediate cable of the radar with

- the aid of a cable (attached to the comparator) terminated in- a 3’-
contact plug type 2aM,
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A4
SPN
2h6 iI. Control Instrument (KPK)
50. Function
The control instrument KPK is designed for measuring the baric
parameters of the radar, controlling its circuits, checxing range
calibration, accurately measuring the range voltapes in both modes by
the compensation method, as well as for measuring pull-out range and
and errors in the comparator circuit in unit K-8,
51. Technical Data
1. Voltape control:
a. 115 v, 00 cps (scale 300 v)
be + 27 ¥ (scale 30 v)
cs + 300 v (scale 300 v)
de + 200 v (scale 300 v)
hadl e. + 150 v (scale 300 v)
f. - 150 v (scale 300 v)
Measurement accuracy for all scales is no less than ¥ 2.5%.
2. Current control:
a. neceiver crystal current (scale 3 ma)
b. AFC erystal current (scale 3 ma)
c. Magnetron current (scale 3 ma)
d. Ferrite switch current (scale 60 ma)
Measurement accuracy for all scales is no less than ¥ 7.5%.
SPN
2L7 The Control Instrument Provides for:
a. Manual gain control (MGC) within limits of not lese than
0% - 12 v in the "™GC" position of toggle-switch "AGC-MiCH,
. -229 -
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b. Manual frequency control (MFC) by changing the voltage in %ke
reflex klystron within limits of not more than = 80 v and not lees
than - 120 v in the "MFC" position of toggle-switch "MFC=AFCY,

The Control Instrument Calibrates the Following Voltaces by the

“ompensation Method:

a. ianpe voltage in mode "A" at the points: 500 m, 1,000 w,
1,500 m, 2,000 m, 2,500 m, and 3,000 m,

b. Range voltapas in mode "B" at the points: 500 m, 1,000 m,
1,500 m, 2,000 m, 2,500 m, 3,000 m, 3,500 m, 4,000 m, L,500 m, 5,700 u,
and 5,500 m,

Measurement accuracy is not less than ¥ 1 m.

52. Components of the Instrument

The following components are included in KPK:
- a. The KPK instrument oroper (GN2,761.057.)

b. Ultrasonic calibrator UKKM-1.

¢. Two connecting wires with nlugs.

d. Coaxial T-junction for connecting UKKM-1,

53. Description of the Operation of KPK According 0

‘chematic Diagram (Fig. 109)

The control instrument XPK consists of two basic assemtlies:
a. The control board, similar to RB6-PK.
b. The compensation measuring assembly.

SPN
218 Description of Schematic Diagram of Control Board

The following set parameters may be checked with the aid of tae

bl -230 -
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-’
control board:

a. Voltage 115 v, LOO cps

b. " 27 v

Ce " + 300 v

d. " + 200 v

€ " + 150 v

f. " -150 v

g. TK I crystal current of receiver channel

h., TK IT cryvstal current of AFC channel

i. T.HM, magnetron current

Jj. U4 voltage provortional to range

k. F.K. currents of ferrite switch

-’

In addition, the control board provides for manual control o
gain (MGC) and manual regulation of voltage at the klystron repel.er
in the AFC channel.

The control board circuit consists of two functional aseemblsess

The assembly for measuring the parameters of the set, which in-
cludes the wafer switch "Mode" (V1-11P2N) and instrument IP-1 "Moce"
of the VA-L6 type.

The assembly which provides for control of the set and consists
of two toggle~switches WAFC-MFC!" and "AGC-MGC" and two dividers, shiek
include the "Tuning" and "Gain" potentiometers.

The parameters of the set are checked in the following manner:

SPN
2h9 a) In checking the ~ 115 v, the voltage passes from two contucts
Sh-1 of KPK through resistors R3; Rl and crystal diode i~1, under-
going half-wave rectification, to wafer switch V-1 (a) in positior
"~ 115 v" and thence through instrument IP-1 "Mode" to V-l {n}. ' “rom
wafer switch V-1 (b) the "~ 115 v" voltage is applied to contact 3 of
Sh-1 of KPK. Resistors 33 anid Rli% are selected so that the full scale
-’ -231 -
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equals 300 v,

b) The "+ 27 v" woltage is fed from contact 5Sh-1 to wafer
switch V-1 (a) in the position "+ 27 v" and through instrument TP-1 to
V-1 (b); from the wafar switch, the "+ 27 v" measuring circuit is con-
nected to ground throagh resistors RlL and R15%. Resistors 1l aid
R15# are selected so that the full scale of the instrument is 30 .

v) "4 300 v" is fed from contact 16 of connector Sh-1 o wa er
switch V-% (a) in the position "+ 300 v" and through instrument I°-1
to V-1 (b).

From the wafer switch, the "+ 300 v" measuring circuit is con-
nected to ground through resistors 9%, RLO, and Rll. These resistor:
are selected so that the full scale equals 300 v.

g) U+ 200 v" is fed from contact 15 of connector Sh-1 to wa.'er

switch V-1 (a) in position "+ 200 v" and through instrument I°-1 +o
V-1 (b); the "+ 200 v measuring circult is connected to ground from

- V-1 (b) through R9%, #10, and R11. (300 v scale).

S

250 d) "150 v" is fed from contact "11" of connector Sh-1 Lo waler
switch V-1 (a) in position "150" and through instrument [P-1 to V-1 (..

- The "+ 150 v" measuring ecircuit is connected to ground from V-1 (1)
through R9*, R10, and Rll. (# 300 v scale).

ye) "~ 150 v" is fed from contact "13" of comnector Sh-1 to
wafer switch V-1 (b) in position "= 150 v" and through instrument [P-1
to V-1 (a). From V-1 (a), the "= 150 v" measuring circuit is conrectes
to ground through R9%*, 810, and Rll. (- 300 v scale).

zh) "TK I" is fed from contact "8" of Sh-1 to wafer gwitch ¥-1 {1
in position YTIK I" and through instrument IP-1 to V-1 (b}, FSrom V-1 (2",
the TK I measuring circuit is connected to ground through resistor
R-12#, This resistor is selected so that the full scale of the iratru-

ment equals 3 ma.

z) "TK II" is fed from contact "9" of Sh-1 to wafer switch
V-1 (a) in position "TK I¥" and through instrument IP-1 to V-1 ().
From V-1 (b), the TK II measuring eircuit is connected to ground
through resistor R=-12%. (3 ma scele).

i) "T.M." is fed from contact "10" of Sh-l through resistors
R-1, R=2% to wafer switch V-1 (a) in position "T,M," and through in-
strument IP-1 to V-1 (b). The T.M. measuring circuit is connected to
ground from V-1 (b)

-232 -
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SPN
251 Resistors R-1l anrl E-2% are selected so that the full scale eruals

3 ma.

k) "Md v passes from contact "7" of connector Sh-l to wafer
switch V=1 (b) in position "Ud " and through instrument IP-1 to V=1 (&’
From V-1 (a), "WJ " is fed through RS to point + 195 v of divider RS,
R6%, and RT7.

With a range voltage equal to + 195 v (range equal to zero), the
pointer of instrument I?~1 remains at zero. At other ranges, the in-
strument measures the range voltage in volts (150 v scale).

1) U"F.K." passes from contgct "6" of connector Sh-1 through re-
sistors R22%# and R21 to wafer switch V-l (b) and through instrumert
IP-1 to V-1 (a). The current measuring circuit of the ferrite switch
is connected from V-1 (a) to + 27 v. Resistors R22# and R21 are eolec-
ted so that the full scale equals 60 ma.

HManual Gaim Control and Manual Frequency Control

Manual gain control {(MGC) and manual frequency control (MFC) are
accomplished in the following manner:

Dividers R16%*, H17, 118, and R19% are fed by - 150 v through
toggle~-switches V1 and V2. The dividers are designed so that a vel-
tage regulated from -« 30 to - 120 v is taken from potentiometer Hi7Y
(MPC) and a voltage regulated from O to - 12 v is taken from potertio=-
meter 220 (MGC).

-
- 233 - 50X1-HUM
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SPN 2520  DESCRIPTION OF THE SCHEMATIC DIAGRAM OF THE COMPENSATION&MEASURTH

The ecircuit of the compemsatiom-measuring assembly consists
of four functional elements:
a) Voltage dividers R-38 + R47, from which & voltage

proportional to the range is taken after each 500 m according
to the law: — Dm !

®) Voltage divider R23 <+ R37, from which a voltzge proportional
to the range is tzken after 500 m according to the law:
S— ! T e a—
Ud-= 195 -2
So
v) Voltage dividers R35s R U6, from which a voltage
proportional to the range is taken after 500 m according to
the law:

Ud-mar (difforonce) = 3,62 wn rin

g) A compensatiom circuit, which consists of:

a. two type VA-L46 "compensation" and "error" instruments.
b. switches "4-," "o, " "OR-0ff," "Goarse-Fine,"

v. Resistors R-61, R-62, R-63, R-66, R-67, R-68.

g. "Error" potemtiometer (R-6L).

de. Voltage rectifier circuit for supplying the " Beror"

potentiometer.

~ ' 23 -
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SPN 253 RANGE-MEASURING CIRCUIT IN MODE “A"

A voltage proportiomal to the range, taken by "Ramge"
switch (V-46) from divider R38-RL7 is applied through toggle
switch "On-Off" (V-8), and "set mode" switch (V-5), located
in position "A" onm "compemsation" instrument (IP-3),

"Coarge-Fine" switch (V-6) is set in the "Coarse" positiom.

Set voltage flows simultaneously to the instrument through
the "set mode" switch in positiom "A" and through the "Error”
instrument (IP-2). The needle of the "Error" instrument must
remain at zero.

If the voltage taken from the divider is equal to the set
voltage, the needle of the "compensation" inmstrument will
also remain at zero.

If the voltages being compared are not equal, the unbalsnced
voltage, which is set at the "Error" potentiometer, is determined
by the "Error'! instrument.

Then, setting the *Coarse-Fine" switch at the "Fine" positior,
we determine the exact error, with the corresponding sign, directly
by the "Error" instrument.

The "Error' imstrument measures the difference in the
compared voltages fed to it.

The entire scale is 120 meters.

=235 -
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SPN 25k CIRCUIT FOR MEASURING THE PULL-OUT RANGE AND ERROR OF THE

COMPARITOR CIRCUIT IN UNIT "K-8"

The determine the pull-out range and error of the comparitor
gireuit, it is necessary to connect "Output D" and "Owtput VRD"
in KPK with the corresponding terminale in unit "K-8.%

The "calibration" toggle switch in KPK is set in the "on"
position.

The "on-off" toggle switch is set in the "off" position.
The "set -mode" switch is set in the "O" position.

Lock on a target at a range of 1000 m, and turn on the
"pull-out™ light by rotating the handle of the potentiomets:

- Read the exact value of the pull-out range on the scale of the
"Error" instrument.
Dpuit-ovt = 1000 m X D instrument.

The full scale of the instrument is 150 meters.

Having set the "set mode" switch at "C" position, determine
the error of the compargtor circuit in an anslogous manner
according to whether the "Launch" light is 1it upon locking on
a target at distances of 1,000, 2,000, 3,000, 4,000, znd 5,000 m.

In this case, the full scale of the instrument is 120 meter.

In both the above-described measurements, the "Error"
instrument is connected in series with the present-range volte ze

circuit.
’ —236 -
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SPN 255 For fine adjﬁstmmmt of the VRD divider under factory conditions,
the "set mode" switch kas the technological position "N"

(adjustment).

COMPENSATION CIRCUIT

The compensation, currentless method of measuring is used
in this circuit.

It comsists of the following:

A "Compensation" instrument is acted upon by two volbages:
on the one hand, the voltage taken from the divider, and om
the other, the set voltage.

- If these voltages are equal, it means that no current
flows through the instrument, and its needle stays at zero.

If the needle of the instrument is deflected to one side
or the other,_it means that the voltages being compared are
not equal. Then, setting the "Coarse-Fine" éwitch in the
"Fine" position, we switch in the error-measuring circuit.

In this case, "Error" potentiometer (R6lL), which is supplied
by a rectified voltage of 3.5 v, is connected between the
instrument and the voltage tsken from the set.

If the voltage flowing from the set is less than the voltage
taken from the divider, then the switch with the "error" sign
must be set in the "+" position. Then the voltage taken from

the potentiomeber will be added to the voltage taken from the

- 237-
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set; the voltages flowing to the imstrument are equalized by
changing the voltage at the potentiometer.

The voltage at the potentiometer is measured by the ¥Error"
instrument, which is connected to the output of the "Errort
potentiometer.

For convenience in reading errorsg, the scale of the "Errort
instrument is graduated in such a manner that the full scale
corresponds to 30 m in mode "A,", to 120 m in mode "R" and"C,"

and to 150 m, in mode "Q."

5k CONSTRUCTION OF THE INSTRUMENT (Fig. 110, 111)

The control instrument is made in the form of a tahle model
[2ll control located on top].

All the elements of the circuit are located on 8 chassis,
which also forms the front panel of the instrument.

The instrument has a removable housing with a lid; the
lid is fastened to the housing by two "phonograph" type locks.

There is a handle on the gide of the housing for convenience
in carrying.

There is a section in the housing for:

a) Ultrasonic line UKKM-1, which is fastened +o the
housing by two screws;

b) a coaxial T-joint;

v) two leads with plugs;

g) A KPK instrument cable;

-238 -
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The face panel is attached to the housing by four screws.
Controls are located to the left on the face panel amd
include:
a) A type VA-L6 "Mode" instrument.
SEN 257
b) "Mode" wafer switch.
v) "Gain" control.
g) "Tuning" control.
d) "MGC-AGC" switch.
e) M"AFC=MFC" switch.
A measuring attachment is located to the right on the face
panel and includes:
- a. A type VA=L6 "Compensation" instrument.
b. A type VA=L6 "Error" instrument,
v. "Range" (in meters) wafer switch.
ge "Set Mode" wafer switch.
ds "On-0ff" switch.
e. "Coarse-~-Fine" switch,
zh, "+ A4w 00 gyitch,
2. "Error'" comtrol.
i, "Calibration-On" switch.
- 239 -
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III.

THDEX

GENERAL INFORMATION

1. Application
2. Basic tacticalst=achmicel dats
3. Range-only radar assembly

PRINCIPLE OF OPERATION AND INTERACTION OF
INDIVIDUAL ELEMENT3S OF "KVANT" RADAR

L. Primciple of operation

5. Block diagram of ramge-orly radar
6. Fumctional diagram
ANTENNA-WAVEGUIDR ASOSEMBLY

7. Application

8. Basic tactjcal-Lechnical data of the
antenna-waveguide chaan=l

9. Waveguide chanmel

10. Description of ferrite commitator

RECEIVER-TRANSMITTER UNIT

11. Applicatio=m

12. Make-up of ths Urit

13. Masic tactical-technical data of the uait

14. Description of the opsration of the unmit
accordiag to the functiomal diagram

15. Description of the overations of the unit
according to the schematic diagram
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«~ 5PN 261
a)
b)
v)
g)
d)

e)

Submodulator

Blockirg ¢scillator
Cathode follower
Modulator

High-voltag= rectifier

Discharge tube firing rectifier

15, High-frequeney receiver-tramsmitter device

a)
b)
v)
g)

d)

Function

High-frequ=ncy device

Magnetrom oscillator

Schematie diagram of high-frequemcy head

Design features of high-frequency head

- 17. XKlystron AFC

18. Structural desicmn of the umit

V. RANGE-ONLY RADAR REQRIVER UNIT

19. Fumection of unit

20. Baslic techaical characteristics of the urit

21l. Description of Lhe umit operatiom based to
to the functional disgram

a) Search mod~

b) Tracking mode

22. Degcription >f the operstion of the unit based

on schematic diagram
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a) Trigger miltivibrator 115
b) Fast sawtnoth gemerator 118
v) Slow sawtnoth gemerator 127
g) Comparitor circuit 20D
d) Range puls= generator 36
=) Time disariminator .39
zh) Comtrol unit (double generator) =1
z) Automatia locking devics 163
k) Construective desigr of the unit 171
RECEIVER
23. Purpose and make-up 72
24, Dsscriptior of the operation of the raceiver
accordime to functiomal diagram 72
25. Functiom of if amplifier 'Th
26. Dascriptior of if or=amplifier according to
schematic diasiam s
27. Main if ampliTier 182
23. Datector g
29, Video amplifi=r £
32. Constructiom >7 the recsiver e
31. Receiver nols: AGC fhea ]
32. Raceiver puls: AGC <7
POWER SUPPLY UNIT R%36-k
33. Fuunction m3
34, Fupctional Afacram 503
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' 35, Schematic ¢iagram of umit : 03
36. Construction of unit 03

VIII. SPREED UNIT RB6-5

7. Function =
39. Basic technicnl characteristics of the unit (12
39. PFunctiomal diugram of spe=d urit 12
40, Dsscription of schematic diagram | 1>
41. Comstruction ol

IX. CONTROL BOARD (K-5)

42, Functiom of control board 28
L3, Schematic diaram of comtrol board 23
Ly, Comstructioa »f control board 3L

SPN 264 X, COMPARITCR UNIT (L-3)

45. Functiom '35
-
46. Basic technical characteristics of the unit 535
47. Description aof the operatiom of the unit
accordimg to 'unctiomal diagram 35
48, Dsscriptioa aof the operation of the uait
accordimg to schematic dlagram BRSS!
49, Comstructiom of comparitor umit a3
XI. 50. Functiona 145
51. Tachnical data EPEY
52. Components of the imstrumeats 247
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Nomenclature of Elements — o
State National Basic

Pos. Standard, VTU Data
Design. Normal Drawing Name and Type Rated No.  Not: R
R2-1 UBO 467 019TU Resistance ULM-0.12-220 Ohm-I 220 Ohm i
R2-2 U8B0 467 019TU Resistance ULM-0,12-3.3 kOhm-1 3.3 kOhm {
R2-3 UB0 467 019TU Resistance ULM-0,12-2.7 kOhm-1 2.7 kOhm L
R2-4 U0 467 019TU Resistance ULM-0,12-3 kOhm-I 3 kOhm i
R2-5 UBO 467 019TU Resistance ULM-0,12-220 Ohm-I 220 Ohm i
R2-6 UBG 467 019TU Resistance ULM-01.12-4.7 kOhm-I 4.7 kOhm I
R2- © 0Zh0467 003TU Resistance MLT-1.1.5 kOhm-I 1,5 kOhm i

-
R2-9 0Zh0467 003TU Resistance MLT-1-1 kOhm-I 1 kOhm l
R2-10 0Zh0467 003TU Resistance MLT-1-43 kOhm-II-B 43 kOhm i
R2-12 0Zh0467 003TU Resistance MLT-1-10 kChm-II-B 10 kOhm 1
R2-13 0Zh0467 003TU Resistance MLT-1-47 kOhm-II-B 47 kOhm i
RZ2-14 0Zh0467 003TU Resistance MLT-1-68 kOhm-II-B 68 kOhm 1
R2-15 0Zh0467 003TU Resistance MLT-1-220 Ohm-II 220 Ohm 1
R2-16 0Zh0467 003TU Resistance MLT-1-4.3 MOhm-II-B 4.3 MOhm |
R2-17 0Zh0467 003TU Resistance MLT-4.3 MOhm-II-B 4.3 MOhm 1
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Nomenclature of Elements

© s e ————

o State National Basic

Pos™  Standard, VTU Data

Design. Normal Drawing B Rated No Not::
R2-18 0Zh0467 003TU Resistpance MLT-1-4,3-II-B 4,3 MOhm 1

R2-19 0Zh0467 003TU Resistance MLT-1-4,3-II-B 4,3 MOhm L

R2-20 0Zh0467 003TU Resistance MLT-l-2-kOhm=II 2 kOhm 1

R2-21 0Zh0467 003TU Resistance PEV-10-3-kOhm-II 3 kOhm 1

R2-22 0Zh0467 003TU Resistance MLT-2-1MOhm-II-B 1; MOhm i

R2-23 0Zh0467 003TU Resistance MLT-2-1MOhm-II-B 1 MOhm 1

R2-24 0Zh0467 003TU Resistance MLT-2-1MOhm-II-B 1 MOhnm 1

R2-36  0Zh0467 003TU Resistance MLT-2-100 Ohm 100 Ohm 1

R2-28 0Zh0467 003TU Resistance MLT-1-1kOhm-11 1 kOhm 1

R2-29 0Zh0467 003TU Resistance MLT-0.5-100kOhm-~1I 100 kOhm 1

R2-31 0Zh0467 003TU Resistance MLT2-240kQhm-II-B 240 kChm i

R2-32 0Zh0467 003TU Resistance MLT-05-2.7 kOhm-II 2.7 kOhm 1

R2-33 0Zh0467 003TU Resistance MLT-2-12-kOhm-II-B 12 kOhm 1

R2-34 0Zh0467 003TU Resistance MLT-0.5-100 Ohm-1 100 Ohm 1

- - 27 -
SECRET
50X1-HUM

Declassified in Part - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9



Declassified in Part - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9

50X1-HUM
- Nomenclature of Elements o
‘State National% Basic
Pos. ‘Standard, VTU | Data :
Design [Normal Drawing| Name and Type Rated ~No.! = Note
1

Rs-35 [|0Zh0O 467 003TU% Resistance MLT-2-1,2MOhm-II-B 1.2 MOhm 1

R7-36 |0ZhO 467 003TU| Resistance MLI-1-4.3MOhm-II-B 4.3 MOhm 1

R2-37 |0ZhO 467 003TU Resistance MLT-1-4,3M0hm-II-B |4.3 MOhm @ 1

! |

R2-38 |0ZhO 467 OOSTUE Resistance MLT-1-100kOhm-1I-B [100kOhm i

R2-39 {0ZhO 467 003TU§ Resistance MLT-1-8200kOhm-II-H820kOhm i

R2-40 |OZhO 467 003TU;| Resistance MLT-2-240kOhm-II-B [240kChm 1

R2-41 [OZhO 467 003TU| Resistance MLT-2-220 Hom-II-B 220 Ohm 1

R2-44 |OZhO 467 003TU| Resistance MLT-1-2kOhm-II 2kOhm 1

R2-45 |0Zh0 467 003TU| Resistance MLT-0,5-3,9-kOhm-113.9kOhm | 1

wr R2-46 {OZhO 467 003TU, Resistance MLT-0.5-3,3-kOhm-113.3kOhm 1

R2-47 |0ZhO 467 003TU| Resistance MLT-0.5-220-Ohm-1I 220-Ohm 1

R2-48 |0OZhO 467 003TU| Resistance MLT-0.5-30-kOhm=-IIB30-kOhm 1

R2-49 |0ZhO 467 003TU | Resistance MLT-0.5-220-Ohm-II :220-Ohm 1

R2-50 {0ZhO 467 003TU| Resistance MLT-0.5-3.3-kOhm-I1I3,3-kOhm | 1

R2-51 [0ZhO 467 003TU| Resistance MLT+0.5-100kOhm-IIB100-kOhn | 1

R2-52 [OZhO 467 003TU | Resistance MLT-0.5-220kOhm-IIB220 kOChm | 1

R2-53 | 0Zh0 467 OOSTUZ Resistance MLT-0.5-1MOhm-II-B {IMOhm 1 ’
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50X1-HUM
- —_—
Nomenclature ¢f Elements . o
1. t——p 2 -
pos,| State National Name and Type Basic Data Note  chahge
desig.Standard,VTU Rated No ‘ !
Normal Drawing
R2-5)} 0ZhO 467 003TU Resistance MLT-0,5-1,5-kOhm-IT 1.5 kOm i 1 ,
R2=549 OZhO 4,67 003TU Resistance MLT-0,5-2,li~kOhm-II 2., kOm | 1
R2-54 0ZhO 1,67 003TU Registance MLT-0,5-2,2-k0lm-I1 2,2 kOhm! 1
R2~57| 6Zh0 467 003TU Resistance MLT-0,5-12-kOhm-II-B 12 kOm : 1
1?2-5q 0ZhO0 L4167 003TU Resistance MLT-0,5-12-kOhm-II-B 12 kOhm 1l
R2=-59] 0ZhO 467 003TU Registance MLT-0,5-100~-kOtm-II~B 100 kOmm 11
?i-éﬂ 0ZhO 467 003TU Resistance MLT-0,5-100-k0m-II-B 100 xOhm | 1
R2-61{ 0ZhO 467 003TU | Resistance MLT=0,5-100-kOhm-II-B | 100 kChm | 1 |
R2-62| 0ZhO 467 003TU Resistance MLT=0,5-15-kOhm-II=B 15 kOhm 1
R2-63| OZhO 467 003TU | Resistance MLT-0,5-15-kOlm=II-B 15 kObm 1
R2-6L| 0ZhO L67 003TU  |Resistance MLT-O,5-470-kOhmeII-B | L70 kOhm 1
R2-65| OZhO 467 003TU Resistance MLT-0,5-12-kOm-II-B 12 xOhm |1
[R2-66] 0Zh0O 467 003TU Resistance MLT=0,5-39=kOhm=II1=B 39 kObm 1l ;
— I S
R2-67| O0ZnO 467 003TU Resistance MLT=0,5+100=klhm-II-B 100 kOhm 1 %
F2-68 0ZhO 167 OO3TU | Resistance MLT=0,5-100-kOm-II-B | 100 kOhm | 1 | ! ———
- - 29 -
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50X1-HUM
-
Nomenclature of Elements B ;
pos,’ | State National Name and : T
desig, Standard, VIU, and Type ggzjt::dna“ | Nom Nos | chah.
Normal Drawing :
‘ S S
R2-69 0Zh0 4,67 003TU Resistance MLTe0,5-100=k0hm-II-H 100 kOhm 1
R2-70 0ZhO 1,67 003TU Resistance MLT-0,5-2}-kOhm=II-B |. 2} kOhm | 1
R2-71 L7) 685 057 Resistance ILZ-}3-20-kOhm~II 20 kOhm | 1
R2-7R 0ZhO 467 003TU Resistance MLT-0,5~36ek0m-~II-B | 36 kOlm : 1
R2-73 02h0 1167 003TU Resistance MLT.O,%-33-kOlm-I. -B |33 kOmm 1
R2=Tl, OZhO 467 003TU Resistance MLT-0,5220-kOhm-I  -B | 220 kOhm ; 1
; = ’-r
“TR2-75 0ZhO L67 003TU  Resistance MLT-0.5w}7OwkObm-I=B 470 KOhm | 1
R2-?6f 0Zh0 L467 003TU Resistance MLT«0,S5«~3-k0m-II 3 kOhm 1
R2=-77| 0ZhO 467 O03TU Resistance MLT-0,5=560-kOhm-I 560 kOken | 1
R2-78] 0ZhO 468 OOLTY Resistance g1 I1.28-330-kOhm~II|330 kOhm | 1
C2-1 {wBO L60 015 TU Capaditor-K0=1-5K-1000 1000 pt | 1
G2=2 |UBO 1160 002 TU Capacitor KD3-10-1000 1000 p£ | 1
¢2-3| UBO 4160 002 TU Capscitor Kp3-10-1000 1000 p£ | 1
| ¢2-4{UBO 1,60 002 TU Capaciter Kp3-1a-1000 1000 pf | 1
- - 250 -
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50X1-HUM
- Nomenclature of Elements . . -
pos,| State National Baaic i :
desig.Standard, VIU Name and Type Data rated No, Nole :han,
Normal Drawing '
C2-g, UBO L60 OLTTU | Capscitor KTK-a-N-33110% .33 3 e 1
lc2<6 | UBO 460 00 TU | Capacitor KDS-1a-1000 1000 pf 1
C2«7 | UBO 460 002TU Capacitor KDS-la-1000 1000 pt l
C2+9 { UBO )60 015TU Capacitor KO0-1-M~1000 1000 pf 1
{C2«10] UBO 460 O1STU Capacitor KO.1-N-1000 1000 pf 1
C2~11| UBO L4160 O15TU Capacitor K0=-1-N-1000 1000 pf 1
Cc2-12( UBO 160 O)ATU Capacitor KTK-0-D=100 $10% =3¢ 100pr 1
C2+13| 0Zh0 )52 O011TU Capacitor BGM=-2-},00-0,05-I1 0,05 pt 1l
C2-1l| 0Zn0 152 011TU | Capacitor BGMw2-),00-0,03-II o.00pf 1]
| YT ISepesher
C2-15| 0ZhO )82 022-TU| Capacitor HMBOP-2-400~8-al-IT 2-al 1 lwitk
_ I Ce«2D
C2-16| 0Zh0 )61 O1STU Capacitor K30=8-2500-6-2000-II 2000 pf ‘; 1 '
C2-17|0ZhO 1,62 011TU | Capacitor BGM=2-400-0,01-II .o 1
1 —_
1C2-18] 0ZhO },62 009TU Capacitor MBGT=1000-0,5-1I 0, srp 1
YT ‘tageizgé? \
[C2-19| OZhO L2 022TU Capacitor MBGP-2«},00=2«0,1«I1 2-0,1 1 ! with!
' ‘C2-213°
- ; - d
-
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50X1-HUM

-
Nomenclature of Elements e
pos, | State National Basic ] No, [note s:h&L.
desig,Standard, VTU Name and Type data
ormal Drawing rated E
C2-2q 0ZhO L62 022TU | Capacitor MBGP=2)00-2-0,1~II 2-0,1 | 1 ltogethor
‘ ' with

C2-1t

C2-21| 0ZhO 462 O11TU | Capacitor BGM-1-400-0,05-II 0,05 s :

C2-22 0ZhO 162 O11TU | Capacitor BGM=1-),00-0,05-II 0,05 pt

C2-23 OZhO 462 O11TU | Capacitor B@Me1-4100-0,05-IT 0,05 s 1

C2-2); 0ZhO 4,62 OCLTU| Capacitor B@M=1-}00-0,05-IT 0,05 ps 1

C2-2¢ 0ZhO 162 002TU| Capacitor KDS-12-1000~II 1000 pf | 1
pogethior |

C2-26 0ZhO Lh62 022TU| Capacitor MBGP-2<}00-2-0,25=II 2025 1 fith .
f2-15 .

£2-27| UBO 1460 O15TU | Capacitor KO-1-N-1000 1000 pf

02-28'UBO 460 OLSTU [Capacitor KO-10-1000 1000 pf

C2-25 OZhO 1,52 O11TU| Capacitor B@M-1-)00-920-II 920 pf

c2-3p UBO )60 002TU| Capacitor KDS=10-1000-II 1000 pf

C2-3L UBO }j62 009TU | Capacitor MBGT=-1000-0,25-II 0,25 Jf

§2-18]UBO 1,62 009TU | Capacitor MBGT-1000-0,5-II 0.5 ' |
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50X1-HUM
-
_Nomenclature of Elements _ ... -
pos, |State National 'ga:ic
design)|Standard, VIU ) :
cote Normal D;'awiné Name and Type Rated éNo. “;Nott ,l}...
c2-3) |0ZhO 162 011TU | Capacitor BGM-2-);00-0,01=T1 0,01 ’P»f 1
! :
C2-35 |UBO L460 029TU | Capacltor X0-1-M-1000-1T 10004 1
C2-36 | 0Zh) 600 O01TU | Capacitor KDS-~1a-1000 1000 pf © 1
C2-37 |0zZhl 600 001TU = Capacitor KDS~1a-1000 1000 pf 1
C2-38 | 0Zh), 600 001TUi Capacitor KDS-1a-1000 1000 pf 1
C2=-39 | 0Zh), 600 001‘1'[.]s Capacitor KDS-1la~1000 1000 pf 1
| R
- cz-qu UBO L,60 029TU | Capacitor KO-1-K=-1000-II 1000 pf 1
C2-L1 | 0ZhO 462011TU | Capacitor B@M-1-400-0,01-1I 0.01 /£ 1
C2-}2 | UBO 4,60 029TU | Capacitor KD-1-N-1000-II 1000 pf 1
¢2-43 | 0Zhly 600 OOLTU| Capacitor KDS-12-1000 1000 pf | 1
c2-l); | 0Zhl 600 OOLTU| Capscitor KDS-1a-1000 1000 pf | 1
C2-45 | 0Zhl 600 OOLTU| Capacitor KDS-1a-1000 1000 pf | 1
c2-46 | UBO L4160 Ol1TU | Capacitor KTE-A-M-12410% -3B 12pf |1
3 o ,?.-.A‘-
C2-17 | UBO 460 OLITU | Cepacitor KTE=-A-M-3.9%10% -3¢ (3.9 pf | 1
C2-);8 | 0ZhO 162 O11TU: Capacitor BGM=1-)00=0,01-IT . _ 10,01 pf . i -
~ - 253 -
50X1-HUM
LECRET 50X1-HUM

Declassified in Part - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9



Declassified in Part - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9

50X1-HUM
~ VNomenclature of Elements . __. .
State National Basic Da |
bos, Standard, VIU, Data : '
pesign,Normal Drawing Name and Type Rated No. Fote =hy
[2.19 UBO 460 OL1TU | Cspacitor KTKwA-M-L7%10%-38 (W pf 1 |
T
C2-50 UBO 460 O1TU | Capacitor KTK=-A-M-L7i20% -3F et 1
A ‘;
C2-51 0Zh0 462 011TU ' Cepacitor B@-2-1,00-0,01-II 0.0L s 1
= -
C2-52 0Zh0 462 OLITU Capacitor BGM-1-1,00-0,01-II 0.0Lys ; 1
C2=-53 éOZhO 462 011TU :Capacitor B(@4~-2-),00-0,01-II 0.01}:5’ é 1l
AU SO
C2-5), UBG 160 OLITU Capacitor KTK-A-¥-10+10% =38 10pf 1 |
4 .
= i i
C2-55 OZh0 462 011TU Capacitor BGM=-2-)00-0,01-II 0.0L pf 1
- il i ——
C2-~56 0ZhO 462 011TU Capacitor BGM«-2-100=0,01-II 0,01pf: E 1 i
Z : ; o
C2-57 | OZnO L62 022TU  Capacitor MBI-1-200-2,05-II | 2.05pf | 1 !
T v
C2-58 : UBO L4660 OLLTU :Capacitor KTK-A-M-27¥10%-3B gpf 1 7
'E, i i SO P
C2-59 | UBO 460 002TU ' Capacitor KDS-1a~1000-IIF 1000 pf 1
| ~ e e
! ;
C2-60 | UBO L60 002TU Capaciter KDS-la-1000-IIL 1000 pf 1
i : e
¢2-61! UBO 1,60 002TU Capacitor KDS-1a-1000-IIJ 1000 pf 1
£2~62 | UBO 460 002TU Capacitor KDS-12+1000-IIX 1000 pf 1
(2-63 UBO 160 002TU Cspacitor KDS-3a-6800-IIF 6800 pf 1 _ |
S A
o - 25); =
-
SERET
50X1-HUM

Declassified in Part - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9



Declassified in Part - Sanitizeta 6opy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9

50X1-HUM
- v -

ﬁ Nomenclature of Elements -
pos.| State National | Basic |
desi/,Standard, VIU, | Data é A .

Normal Drawing] Name and Type (Rated _ : Wo, iNote |ch,i
C2-6); | UBO L6l 00STU |Capaciter xsi)g{)o.m;o-n 150 pf |1 j
C2-64 UBO 1,60 002TU |Capacitor KDS-1a-1000-II! 1000 pf |1 § '
[2-66 | UBO 4,60 002TU |Capacitor KDS=-la-1000-II! 1000 pf | 1
[2-1 { GYaCh 775 -0028P Coil, Induction 2.8Fh 1
C2-7q 0Zh0 460 O11TU| Capacitor BM-1-400-0,05-II | 0,05uf | 1
[2-3 | GUCh 777 OOLSP{Choke, Coil filament, D-Z.I’*.sil 74 S,;uh 1
[2-), | GUCh 777 003SP| Choke, RF~D=0,15-20yh 20pn 1
- | .
12-5 | GUCh 777 OOLSP| Choke , Coil filament,De2,L=5%10% 5 ph 1 |
[2-6 |GYaCh 777 01188 Coil, Induction, 2.5pFh¥5% 2,5pn 1 !i
[2-7 |GYaCh 777 013S% Coil, Induction, L.1 P-hio.lp,-h Liph 1
- /. - i&’—
[2-8 | AR=-50-2-5-1-00Q Coil, Induction, 5 F’h 'S ph 1
2.9 | AR-1-1-2-D-0B2}} Coil, Induction, 75 ych 7Sph 1 E
[2-10 | GUCK 777 OOLSP (Choke D-0,1-k50 gh 5% w0 pn 1
L . R
12-11| GUCh 777 OOLSP . Choke n-o.u-;F_hts% . 5pn 1
| 12-12 GUCh 777 OOLSP| Choke D-0,1§-5,1 ghis% S SEn o1 )
- - 255 =
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50X1-HUM
- -
? o ]ggngpclature of Elements e
HOS, State National 'g::ic
jesig.|Standard, VIU o
o8 s Normal 'D_;“awiné Name and Type : Rated No, Neie idu.
12-13 | GUCh 777 OOLSP|Choke D-0,15-§.1 Mhig J Slph 1
12-1); |GUCh 777 O04SP |Choke D-0,15-5.1whts 5.1 pPh 1 %
12-15 | GUCR 777 OOLSP| Choke D-0.15-5.1 wh 157 5.1ph 1
12-16 |GUCh 777 OOLSP |Choke D-0,15-5,1 kh =57 51ph 1 1
. ‘; !‘
|
12-17 | GUCh 777 O04SP! Choke D=0,15-5.1ph i g.1 Fh 1
|
12-18 lauch 777 003SP ' Choke,Pilament-1,2-55107 Sph 1 1 o
| { i
, | i i P
w |12+19| ARE0-2-52-000 | Choke,Filsment-0,6 Fh 0.6pn 1 4
12-20| GYach 777 0L0SP Coil, Induction-1,6 Wh L6pn |1 B
12-21! GYaCh 777 009SP Coil, Induct,-2,8 Fh 2.8 rh 1
12-22 lGuch 777 0035P | Choke,RF-D-0,15-20 ph 20w 1
i i L
331.2-23 GYaCh 775 0028P Coil, Imduct, 2.8pn 1 ! |
'Dr2-1 |AR50-2-61-000 | Choke, Charging 1
'12-25!GUCh 777 0OLSP | Choke D-0,15-39 Bh¥sy 39 pn |1
: } —1 Shaa
1}"I'r2-l GYaCh 770 DOhSF‘ Transformer, ERF i i 1
* i i ) UUUURRURE o R o d
Ir2-2 wﬂmﬁmﬁm
- - 256 -
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-
. — _ Nomenclature of Elements
- |State National "Basic . o
pos, |Standard, VIU, ! Data ; : '
desigWormal Drawing Name and Type : Rated ‘No, :Bote =i
Tr2-3 |GYaCh 720 0058P|Transformer, Impulse ; 1
?r?-h GYaCh 712 003SP|Transformer, RF ?.’!.
Tr2-5| GYaCh 720 026SP Transformer, Impulse 1
Tr2-6 |GYaCh 710 0683!" Transformer, Filament 1
Tr2«7|GYaCh 710 OOhSPI Transformer, RF 1
Tr2-8 GYaCh 770 0133P| Transformer, RF 1
i i
Tr2«9| TU=9575 T f v ’
- rans‘ ormer 1.95/2.§}¢K 1 ’
Tr2-1¢ GYaCh 71} 0365kP Transformer, Anode Filament 1 ‘
i
(2-67{0Zh0 );6-10=15T1| Capaciter K30-8-2000-B=};300-I 4300 pf | 1
(2-68}0Zh0 };6-10-15TU Capacitor KS0-8-2000-B-300-I ' 300 pf | 1 |
| T—1
(2-69}0Zh0 }46-10-}5TU Capacitor KSO-8-2000-B=}300-I | 4300 pf | 1
i
(2-78{ 0Zh0 1,6-10-15T1 Capacitor KSO-8-2000-B-300-I | 1300 pf | 1
1F2-1 AR50-2-595-000 | Pulse 3haping Line 1
LF2-1| GYa38-61-00)SP | Heater of Discharging tube » 1 ,
LF2-1} 1RM2=21-000 : Thermestat 1 1
- = 1257 -
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50X1-HUM
- .
L Nomenclature of Flements
pos, |State National Basic 4
desig rStandard, vTu, Data
Normal Drawing Name and Type Rated  No. |Mote bn.|
{LF2-1 Electrie Motor D=5 1
OKB p/Ya 17}
1 "‘:;
12-1 |ChTU 0l=-318-56| Tube 6Zh1B 1 ;
12-2 |ChTU 0l=318«56| Tube 62h1 8 1 A
12-3 |ChTU 01-105-55|Tube 6N1P 1
12=); | TS3-301~000TU |Tube 6N3P 1
- - "
12-5 |T7S3-341-000TU |Gas Rectifier TKh-2 1
12«6 |TS3=341=-000TU |Gas Rectifier TKh«2 1
127 |ChTU=10-311-56|{ Thyrotron TGL-1-35/3 1
12-8 |T3-17}4=~-50S Spark Discharger R-l 1l
12-9 {VChTUO6-609-51|Magnetron MI-158 1
1.2«10|TS3-3};1L-000TU |Gas Rectifier TKhn-2 1
12-11]YaI@332-032TU {Clystron K-27 1
12-12YaI(332 002TU{ Discharger Rp-21 1
- - 258 -
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4
.~ Nomenclature of Elemenis e
State National : 'Basic L
pos, |Standard, VIU, Data L
des, |Normal Drawing ' Rame and Type Rated No, |Note yz.i
12-13|ChTU-12~102-53 | Discharger RR-50 1 i
!
i P I
[2-15 |ChTU02-300-57 [Tube SG~SB L1 -
[2-16 |01317-57TU Tube 65 78 1 ':
1217 |ChTU-01-103-55 | Tube 6Zh 1p 1 |
12-18 |[ChTU-01-103=55 | Tube GZhlP 1
2-19 | ChTU=-01-108-55 | Tube 6Kh2P 1
v‘ A a— Tk —.
12-20 | TS3-301-000TU | Tube QN3P 1
[2.21 | ChTU=-01-105-55 i Tube &N2P 1
F2-1 |GVZ 54O 010SP : Plug=-and-Socket,RF,VR=10 1
; |
F2-2 | GYaZ s5i0 018 Plug-and-Socket Transition : 1 ; ’
i : d ek
F2-3 |GUZ 54O 008SP Plug-and-Socket, KF 1
] i 1 o
3 !
F2-) |GUZ 54O 008SP | Plug-and-Socket, KF 1
i .
F2=«5 |GUZ Si4O 010SP '@ Plug-and-Seckei, RF, VR-8 1
F2-6 | GUZ 5)0 OL0SP . Plug-and-Socket, RF,VR-8 ’ 1 ﬁ
R - 259 -
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50X1-HUM
. o .. Nomenclature of Elements = ?
State National Basic ~
pos, |Standard, VTU, pata :
des, | Normal Drawing Name and Type ‘Rated No, ©n,!
T T
F2-7{ GYaZ sij0 020 Plug-and-Socket, RF, | 1 :
, ! :
p ; H
KT2-} TU=- 11261 Control Point 1
KT2-? TU=-111 61 Comtrol Point 1
‘ +
KT2-3 TU-1 11 61 Control Point L1
|
Sh2-1 AR18-2-7sbOg Plug, S5-Pin Plug 1 ‘
wr [Sh2-2 AR18-2-7sb03 Receptacle, S-Jack Receptacle E 1
- gv ) -
Sh2-3 VLO-364-006TT | Plug RGChOP17NShl 1 _
Sh2-)l GYaZ 695 O01SP | Plug 11-Pins Plug 1 ‘3
Sh2-4 GYaZ 695 OO1SP | Receptacle, ll-Jack Receptacle 1
j2-l VR2-602-0013P Switah 1 o
D2-1 |C}IU-0)=110-57 |Crystal Detector DGSuN E
i
1 + -t
D2-2 pwu-ou-no-g Crystal Detector DGS-N 5 1 :
! ;
b -t
D2-3 | YTU-04-110-57 | Crystal Detector DGS-V L |
D2-}y {hTU-04-110-57 | Crystal Detector DS~V z[ 1
- - 260 -
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50X1-HUM
v’ poe o o ——
g List of Elements _ L ?
State National Basic
Pos, Standard, VIU, Data ‘
Desig, |Normal Drawing Name and Type Rated | No,iNote, ct,
1 ~ 2 3 L S 12 1.
R=2.] |0Zh0-}67-003TU | Resistor, MLT-0,5-150 Ohm-I 150 Om| 1
R=3=2 | 0ZhO=},67-003TU | Resistor, MLT=0,5-150 Ohm-I 150 Obm{ 1 :
R=3=3 | 0Zh0-};67=-003TU | Resistor, MLT=-0,5-220 Ohm-I 220 Ohm| 1
Re3=l; 1 OZhO=}67-0031TU | Resistor, MLT=0,5-3,9kOm-1I 3,9k0hm| 1
R=3=5 | 0Zh0-}67=003TU | Resistor, MLT=0,5~3.3kOhm-I 3.3k0hm| 1
o
R=3=6 | OZhO-}67-003TU | Resistor, MLT=0,5-220 Ohm-I 220 Ohm| 1
= |g-3-7 | 0ZnO-}67-003TU | Resistor, MLT-0,5-3,1kOhn-I 8,10 | 1
Re3=8 | 0ZhO-}67-003TU | Resistor, MLT=0,5=3,9k0mm~I 13,9%0hm! 1 i
R=3=9 | 0Zh0-),67-003TU | Resistor, MLT-0,5«10 kOhm-I 10 kOhm: 1 :
R=3-10 | 0ZhO-)67=003TU | Resistor, MLT=0,5-220 Ohm-I 220 Omm| 1
Re3-12 | OZhO-L67-003TU| Resistor, MLT=0,5-5.1kOhm-I S.lkOh+ 1
R=3-13 | 0Zn0-},67-003TU| Resistory MLT-0,5-10 kOim-I 10 kom* 1
R-3-1); | 0Zn0-}467-003TU| Resistor, MLT-0,5<%,5kOhm-I 3.01«:014 1
R-3-16| 0ZhO=}67-003TU| Resistor, MLT-0,5-220 Ohm=-I 220 Ohn 1 _ |
-~ . _ 261 -
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50X1-HUM
-’
1ist of Elements _ o
State National Basic
POS, Standard, VIU, Data
Desig, Normal Drawing Name and Type Rated }Io. Note ©a,)
*f ]
B=3-17 : OZhO-=L67-003TU  Resistor, MLT-0,5-3,9kOkm-I %3.9kom 1 !
R=3-18 | OZhO-LST=003TU  Resistor, MLT=0,5-5,1kOhm-I | 5,1kChm 1 |
| i ]
R-3-19 | OZhO-L67-003TU  |Resistor, MLT-0,5-220 Om-I 220 Odm 1 |
T b
R-3-20 | OZhO-}467-003TU  Resistor, MLT=0,5-5,1k0hm-I . 5,1kOm 1 |
R-3w22 | 0Zh0-467-003TU  Resistor, MLT-0,5-12kOhm-I 12 kOhm 1 .
Re3-23  OZhO-167-003TU  Resistor, MIT-1-9-1 kOhm-I  9,1kOhm 1
- |- : — s e
R=3-25 | 0Zh0-L67-003TU  Resistor, MLT-0,5-3,3kOmm-I  3,3kOmm 1 . 3
Re3-26 | OZhO-467-003TU  'Resistor, MLT-0,6-22kOhm-I 22 kObm 1 :
i - e
3 : H
R 327 | OZhO-467-003TU  |Resistor, MLT-0,5-680 Ohm-I 680 Ohm 1
[R=3-28 | 0ZHO-L67-003TU  Resistor, MLT-1-1,6 Om-I 1.6 Ohm 1
R-3-29 |0ZhO-467-003TU  Resistor, MLT-0,5-430kOhm-I  L30kOkm ‘1
R=3-30 | OZhO-467-003TU  [Besistor, MLT-2-220 Omm~I 220 Ohm '1
R=3-31 |OZhO-1,67-003TU  Resistor, MLT-0,5-680 Otm-I 680 Ohnm 1
-3-33 | OZhO-L67=003TU  Resistor, MLT=0,5-220 OmeI 220 Ohm ' 1
—  R-3-3L |0ZhO-167-003TU  [Resistor, MLT=-1-2zM0hm-II 2MOm 1
— — RO SO
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iy et i List of Elements A —
g::i Etandard, vTU, | Data | ‘
g+ _[Normal Drawing Name and Type Rateuo. Nete | Cn, |
R=3-35 [0Zh0-};67-003TU  [Resistor, MLTelelOkOhm-IT 10kOhm 1 -
R~3-36 (0Zh0-}67-003TU  [Resistor, MLT-1~62kOhm-1I 62kObm :1 P
R-3-37 0Zh0-}67-003TU  Resistor, MLT-1-33kOhm-II 33k0m 1 o
R~-3-38 0ZhO-L67-003TU  Resistor, MLT-1-1§ MOhm~II 15 MOmm I B
R=3-39 0Zh0-}67-003TU  [Resistor, MLT-1e5,1MOkm-II 5.MOM: 1 i
R-3-h0 [0Zh0-[67-003TU  Resistor, m.T-l-lmoﬁm-Ix 12MOhm | 1
R=3=ll 0ZhO-}67-003TU  Resistor, MLT=1-910kOkm-II $10kOhm 1 |
R=3-l42 |0ZhO-};67-003T0  [Resistor, MLT-1-20kChm-II 20kOhm 1
ﬁR-B-m 0Zh0=);67-003TU  Resistor, MLT=1=100kOhm-II IOOkOhm% 1 )
R-3<h); 0Zh0-),67-003TU Resistor, MLT-1-62kOhm-II 62k0hm | 1 -
R-3-45 0ZhO-L67-003TU  [Resistor, MLT-11-6,8kOhm-IT  |6,8KkOmm zr o
R-3-16 (0ZhO-L67-003TU  Restistor, MLT-1-L30 Ohm-II  |430 Ohm | 1
R-3=47 0ZhO-467-003TU  Resistor, MLT-1-510kOhmeII 510kOHm | 1 a
A~3-148 0ZhO-}467-003TU  [Resistor, MLT=-1-330kOhm-IT 330kOhm *1
R=3-Li9 0Zh0-167-003TU  [Resistor, MLT=-1-200kOhm-II 200k Om {1 1 “ ‘
: L ‘
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YUA I -TTUI

List of Elements

State National Basic |
Pos, Standard, VIU, Data :
Desig, | Normal Drawing Name and Type Rated Mo, §Note,< ChJ;

R=3=50 | 0Zh0=};67=-003TU Resistor, MLT~1-68k0hm-I 68k0hm lé

R=3=51 | OZhO=}67-003TU Resistor, MLT=-1-680kOhm-I 680kChm|1

R-3-52 | 0Zh0~L67-003TU  {Resistor, MLT-1-330kOhm-II | 330kOmm|1 .

3
1 -

i

Re3=53 { 0Zh0-L68-C08TU | Resistor, SNele2a=1,2A-13 1,2kOm {1 |

R=3=5l; { 0Zh0-),67-003TU Resistor, MLT-C,5-1,5k0hm-I {1,5kOhm {1

¥

R-3=55 | 0Zh0-}67-003TU | Resistor, MLT-1-470-kChm-TT | L7OkChn 1

R=3-56 | VP-675-00LSN  Resistor, W1<0,5-8,2 kOhm®1%] 8,2kOhs 1

R=3=57 i VP}=675-00,SR fegistor, PT=0,5=3,3 kOhmfl% | 3,3kOhmn 1

R=3=58 ; VP)=b75=-00,SN Resistor, PT=0,5-2 kOhmil$% 2kOm {1

R=3-59 | VP4=675-004SN  Resistor, PT=0,5-1 kOhm*l% | 1x0mm {‘1 f,

R=3=60 : NGKnli-685~0188P Resistor, PP3.II-20kOmm-II |20kOhm 1 |
1

R-3-65 |NGKn-685-018SN Resistor, BP3-II-10-kOhm-I  |10kOhm 1

H ‘ H
—

- B=3-66 jm;-(ws-oousp Resistor, PT-0,5-6,8k0mm*1% |6,8k0hm 1

iy h —

| R-3-67 0ZRO-L67-003TU Resistor, MLT-1-15 kOhm-I |15 kOm 1

H

i -

-

| Re3-68 0ZhO-L67-003TU Resistor, MLT-1e2.l kObm-II 2. kOhm 1 |
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 50X1-HUM
- | —
List of Elements L
State National Basic
Pos, Standard, VIU, Data
Desig, Normal Drawing Name and Type Rated No, Note Ch.
Re3=69 0ZhO-};67=-003TU Resistor, MLT=2-),3 kOhm-l 4,3 kObm 1
R=3=70 0ZhO=};67-C03TU Resistor, MLT=1l-560 kQOhm=-I 560 kOhm 1
R=3=72 GYa);=675=009 Resistor, PT-I-P=82 kOhm=0,5% 82k
R=3=73 GYal-675-009 Resistor, PTeIM=82 kOhmi0,¥% 82 kOhm 1
Re3=7) OZhO=];87-003TU Resistor, MLT-T-680 kOhm-II 680 kOlm 1
R~3=75 VP=675=-00)SP " MLT--1-30 kOhm&l% 30 kOhm 1
- R=3=76 0ZhO=};67=003TU " MLT=I-10 kOhm-II 10 kOhm 1
R=3«77 " n MLT=1-2); kOkm=-II 24 kOhm 1
R=3=78 " n MLT=I«10 kOhm-II 10 kOm 1
R=3=79 " " MLT-I=2,4 kOhm-II 2, kOm 1
R-1-80 n " MLT-I-3¢ kOm -II 3§ kOm 1
R=3=81 1 " MLT=I-=100 kOhm~II 100 kOhm 1
R-3=82 n " MLT-I-100 kOhm~II 100 kChm 1
R=3-83 " " MLT-I=68 kOhm-II 68 xOlm 1
R=3=8¢ " n MLT-I-100 kOhm-II 100 kOhm 1
| FEOREY
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50X1-HUM

~ — e
o List of Elements
State National Basic -
Pos, Standard, VIU, Data
Desig, Normal Drawing Name and Type Rated Ne. Nete (k.
R-3-86 0ZhO=);67-003TU Resistor, MLT-I-100 kOhm-II 100 kOhm 1
R=3-87 " " MLT-I=-68 kOhm~-II 68 kOhm 1
R-3-88 " " MLT-0,5-1,2 kOhm-II 1,2kOhm 1
R=3=89 " " MLT-1-5,1 kOm-II 5,1 kOhm 1
R=3«90 " n MLT=I-};30 kOm-II )30 kOhm 1
R-3-91 w . MLT-2-20 kOhme~II 20 kOhm 1
R=3-92 " 2 MLT-I-3,0 kOhm-II 3.0 kOhm 1
- - e
R-3-93 " " MLT=I-~510 kOm-II 510 kOhm 1
R=3=9); " n MLT-I-3,0 kOhm=-II 3 kOhm 1
R-3-95 " o MLT-I-2.0 kObm-II 2 kChm 1
R-3=97 " s MLT=-2-100 kOhm-II 100 kChm 1
R-3-98 " | MLT-I-220 kOhm-II 220 kOhm 1
R=3-99 " A MLT«I-510 kOhm-II 510 kOhm 1
R-3-100 " . MLT=2-22 kOhm-II 22 kOhm 1
R=3-101 " v MLT=I-100 kOhm-II 100 kOhm 1
ko - 266 -
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-
Pos. State National Hist of Hlenents Basic
Pos, Standard, VIU, Name and Type Data
Desig. Normal Drawing Rated No, Note C(Ca.
R=3-102 0Zh0=),67=-003TU Resistor, MLT=I-200 kOhm-II 200 kOhm 1
R-3-103 " " MLT-I-100 kOhm-II 100 kOhm 1
R=-3-10) " " MLT-I-13¢kOhm-IT 130kOhm 1 o
R-3-109 H " MlTeI-1,0 kOhm-IT 1.0 kOmm 1 o
R=3-106 " " MLT=I-~82Q kObm-II 820 kOhm 3
R-3-107 " " MLT-I-68 kOhm~I1 68 kOhm 1

- R-3-108 n " MLT=I-100 kOhm«II 100 kOhm lm
R=3-109 . " MLT=I=39 kOm=-II 39 kOhm ; a
R~-3-110 " MLT=I~S10 kOhm-II €10 kOtm 1 -
R=3-111 w " MLT-0,5-12 kOhm-II 12 kOhm 1 ‘
R=3=112 Lg - MLT=I-510 kOhm-II 510 :01;~1 -
R=3-113 NGKh);»685-018SP .“ PP3=11=20 kOhm=II 20 kOhm ]t o
R=3-11); 0Zh0-R67-003TU v MLT-I-1,1 kOhm-I 1.1 kOhmw'!: o
R-3.115 n " MLT-I-300 kOhm-I 300 kOhm ]j -
R-3-116 w MLT-I-2,0 kOhm=-II 2,0 kOhm 1 o

gy - 267 - T
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50X1-HUM
- ——
List of Elements
State National Basic o
Pos, Standard, VIU, Data
Desig, Normal Drawing Name and Type Rated No Note (i,
R=3-118 0ZhO=}67=-003TU Resistor, MLT=~I=1,0 MOmm~II 1,0 MOhm 1
Re3-119 " Resistor, MLT-I-150 kOlmeI 150 kOhm 1
R-3-123 " . MLT=I=1l,0 MOmeII 1.0 MOhm 1
R-3-12}4 " " MLT=1=300 kOlmeI 300 kOhm 1
R=3=125 n " MLT«I=27 kOhm-I 27 kOhm 1
R-3-126 n " MLT=-I-560 kOhm-I 560 kOhm 1
-
R=3-127 " " MLT=I-200 kOhm-I 200 kOmm 1
R=3-1238 n u MLT-I-200 kOhm=I 200 kOhm 1
R=3-129 " " MLT=I-6,8 kOhm-I 6.8 kOm 1
R=-3-131 b " MLT=I-100 Ohm-II 100 Om 1
R=3-133 " " MLT-0,5-};7 kOhm-II 47 kOhm 1
R=-3=13)}, " " MLT«I-51 kOhmeIl 51 kOhm 1
R-3=137 " " MLT-I-82 kOhm~IT 82 ¥Ohm 1
R-3-138 " " MLT-I-6,8 kOhm-II 6.8 kOhm 1
- - 268 =
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- :
List of Elements
State National ~Basic o
Pos, Standard, VIU, Data
Desig, Normal Drawing Name and Type Rated No, FKots ©h,
R=3-139 0Zh0=},67-003TU Resistor, MLT=I=160 Om-II 150 Orm 1
Re=3~1},0 " u MLTwI-58 kOhmeII 68 kOhm 1
R=3-1)1 " " MLT=I~3,3 kOhm-II 3,3 kOhm 1
R=3-1)2 " n MLT-I-510 kOhm-II 510 kOhm 1
C3=5 TU«I=0Zh0=};60=-001 Capacitor KDO=la-1000 1000 pf 1
C3-1 " " K01-N=-1000-1I1 " i
- (32 TU=I=0Zh0-},60-001 n KDS-12-1000 " X
C3-3 " n n " H
C3=) i L3 1 ] 1
C3=7 " " " n 1
C3=6  TU=I=-0Zh0-}60-001 " KO=13~1000-1I1 " 1
C3-8 " n KD8-12a-1000 " 1
C3=9 " n n " 1
C3=-10 " " KDS=1a-1000 " 1
03-11 i it " 1 1
A4 -
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4
List of Elements
State National Basic -
Pos, Stardard, VIU, Data ‘
D;sig, Normal Drawing Name ard Type Rated Ko, Ncte, o
2 3 b 5 ¥ 7
C3-12 Tu-I-0Zh0-440-001 Capacitor, KDS-1a-1000 1000 pf 1
C3=13 UB0-462-017TU " BGI-T=-1-680-V 680 pf 1
C3-14 TU-I-0Zh0-460-00 " KDS-1a-1000 1000 pf 1
03_15 "t n ] | ] l
03_16 " 1] n n 1
C3-17 UBO-462-017TU " " " 1
- C3-18 TU«I-0Zh0-450-001 " " " 1
C3-19 TU-I-0Zh0-460-001 n A " 1
C3=20 " n n " 1
C3-21 " n " ] 1
C3-22 TU~I-0Zh0-460-001 " " n 1
C3«23  0ZhO-460-014TU " KTK-1m-5 pf-I 5 pf 1 Select
24525 3 -1
C3=24 TU-I-0Zh0-460-001 " KO=1k-22 pf-II 22 pf 1
C3-25 TU-I=-0Zh0-460-001 n KDS=1a-1000 1000 pf 1
C3=-27 0ZhO-460-014TU n KTK~-1m-27 pf 27 pf 1
~ 50X1-HUM
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50X1-HUM
S
-
— List of El t
Pos, State National s Bas:
Pos, Standard, VTU, Datac
Desig,  Normal Drawing Nama and Type Rated  No, Nota C(r

€3-28  0ZhO-462-011TU  Capacitor,BgM-2-400-0.01 mf 0,01 o2
C3-29 " " BgM-1-400-0,01-II 0,01 p
C3-30 " " " " 3
C3-31  TU-I-0Zh0-460-001 " Kh0-1-I-1000-II 1000 pf 1

C3-32  0Zh0-462-011TUV

BGM-2-400-0,01-II 0.01 pf 1

C3-33  0Zh0-462-022TU

MBGP.2-200-2)0,5-IT 0.5 pf 1 together
- with C3e:

C3-34  0Zh0-462-011TU

BPM-2-400-0,01-IT 0,01 pf 1

-’
C3-35 ] " ] n 1
03-36 n n n ] 5
C3=37 0Zh0-462-0B2TU " MBGE.2.200-2x0, 5-I1 0.5 ’l‘ 2 toge ther
with €253
C3-38 0Zh0-462-011TU n BGM~2-400-0,01-II 0.01 ’f 1
C3-39 0Zh0-462-022TU " MBGP.-2-400-2 0,1-IT 0.1 /ut‘ 1 together
C3-€4
C3-40 0Zh0-L462-011TU n BOM-2.400-0,0Xmf 0,01 F 1
C3-41 " " BGM~2-400~0,05-1IT 0.05 ,ﬁ‘ 1
C3-42 " " n ] 3
- | =271 -
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List of E
State National L ~lemente Basi

Pos, Stamlard, VTU, Da:ac
Besig, Normal Drawing Nare and Type Rated No, Note (.
C3-43 0Zh0-462-011TU Cupacitor, BGM-2-400-0,05-IT 0.05 mf =
C3-thy " " BGM-2-400-0,01-II 0.01 mf 1
C3045 n n ] n 1
03_46 " L] n f 1
C3-47 0Zh0-460-014TU n KTK=2a=1~330-1I1 330 pf 1
C3-49 " " KTK-3m-150-1 150 mf 1
C - - %

< 3=-50 0Zh0-462-022TY n mGP-Z-l&OO-Z)QO.l Ol mf 1
C3=51 UPO-464-005T0 " KS-2-500-880~Ts-I &8~ pf
C3-52 0Zh0-462-022T0 u MBGP-2-400-2 0,1-IT 0,1 mf togethes

with:C3ati

C3-53 UPO-L464-005T0 n K5-1-500~0~200-IT 100 pf 3
C3-54 0Zh0-462-011TU0 " BGM-2-400-0,01-IT 0.0l mf 1
C3-55 " " BGM-2-400-1500-II 1500 pf 1
C3-5¢F n n BGM-2-400-0,01-IT 0.0 mf 1
C3-57  UPO-464-005TU » KS-1-500-0-200-I 200 pf 1
C3-58 UBO-460-016TU " KTN=-1-D=100-IT 100 pf b

~— 50X1-HUM
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B e T ——,

State Natiopnal . Hst of Plenente
é’zs. Stan:lar%, VIU, i:ic
sig.  Normal rawing Nams and Type Rat:d No, “lote "t
Ll IS VR
C3-59 0Zh0-462-022TY Capacitor, MBGP-2-400-2 0,1-II 0.l mr 2 toget 1or
— ath 171
=50 0Zh0-462-011TU h H}M-ZJ-I-OO-BBOO-II 3300 pf 1
C3-61 " T
" BGM~2-400-0,01-TT 0.01 mf 1l
C3.62 UBO-460-016TU " KTN=l-D-100~IT 0.0l mf ) 1 o
C3-63 0Zh0-462-011TU " BaAM~2.1400-0 01-II 0.0l mt 1 )
C3-64 0Zh0-462-022T4 - " MBGP-2.400-2 0.l mf 0,1 mt 1 ‘
C3-65 0Zh0-462-011TU n :
- EM-2400-1§OO-II 1500 pr 1l
C3-66 n ae 1
C3-67 0Zh0-462-022TU H MBGP=2-200-2-11 | 2 mf 1
C3-68 OZhO-’-I-éO-O.]jTU " KTK«1-1-100-IT 100 pf m 1
C3-69 0Zh0-462-011TU " BOM-2 400-0.01-IT 0.01 n:!.'- 1
C3-70 UPO-J+6LI»-005TU n KS-1-500-200-1TT 200 pf 1
C3-
3«71 0Zh0-462-022TT0 " MBGP=2-400=2X0,1-I1 0.1 mf 1 togettor
) RS .2 I P
372 UPOJ+6'+-005TU n KSe2«500mP=680=N.T 680 pf 1
C3-73 0Zh0-462-022TU n MBGP-2-200-2 0 5«11 0.5 mf 1
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50X1-HUM
- ———
“State National tot of Merents Basic

Il;::ig. ﬁiﬁirmd'agigg' Name arl Type ]P:l):::d __No. Nets 1,

C3-74  0ZhO-462-022TU Capacitor, MBGP-2-200-2 0,5-II 0.5 ,f 1

C3-75  0Zh0-462-011TU " BOM-2-400-0,05-IT 0.05 ,t 1

o6 o .- , Coa

C3-77  UPO-464-00STU " KS=1-500=-0-100-IT 100 pf 1

C3-83  0ZhO-L£2-022TU " MBGP-2-200-1-I1 2 pt 1

C3-85  0Zh0-462-011TU " BGM-2-400-0,05-II 0,05 J
- C3-86 " " n 0.05 ’f 1

C3-87  0Zh0-4£2-022TU " MBGP~-2-200-2%0,05-II 0.05 }-f 1

C3-88 " " " " toget-er

with 33-8~

I-3-1  AR50-2-52-000 Filament Choke 0.6 b 1

1-3-2 " " n 1

1~3-3 " " " 1

13-4 » " ' " 1

135 " n " 1

L_3_6 ’ " L ] 1
- - 2= 50X1-HUM
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50X1-HUM
List of Elements
State National Basic
Pos. Standard, VTU, Data
Desig., Normal Drawing Name and Type Rated No, Kote ™1,
L.3.7 GIA777-003SP Filament, H-F-D01520 mh 20 mh 1
1-3.8 n " n n 1
]'__3_9 n L n n 1
1-3-10 m m " " .
13-1 ChTU-0110-355 Radio Tube 6Zh1lP 1
13-2 n n n
13-3 CHTUC=110-455 " 6Zh2P "
-
LB_Q, ] n L
13-5 ChTU0-110-355 " 1ZhlP "
13-6 (CATU0-110-355 " 6Zh2P "
137 TS3-301-000TU " 6Zh3P n
13-8 T53=301~000TT " "
13-9 CKhTU01-204-55 n 6Zh2P "
13-10 T53-301-000t0-1 " 6Zh3P n
13-11 CHTU61-105-55 " 6Zh1P "
- - 275 -
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-
Iist of Elements
State National " Basic -
Pos, Standard, VTU, Data
Desig, Normal Drawing Name and Type Rated No, kote un,
13-12 ¢hTU-011-855 Radio Tube 6Zh2P 1
13-13 TS3-301-000TU-1 " 6Zh3P n
13-14  (ChTU01L0455 n 6Zh2P »
13-15 CHI'U0118855 n 6Zh2P "
13-16 TS3-301-000T0-1 n | 6Zh3P n
13-17 Qh’TUOlM}OSS n 6Zh5P "
13-18 # " "
13-19 TS3+301-000TU-1 " 6Zn3P 1
13-20 " " n "
13-21 n ] n "
L3-22 n n n n
13-23 ChTUO110455 " 6Zh2P "
13-25 " " 6Zh2P "
13-26 Cruo131856 " 6ZhlP "
13-27 ChTU0131556 n 6DAA »
- T 2276 - B
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~
“State National At of Blonents Basic ]
Pos. Standard, VTD, Data
Desig, Normal Drawing Name and Type Rated No, Not- Tn,
13-28 (CWTU0131556 Radio Tube 6DGA 1
Tr-3-1 GYal?770013SP Transformer, H.F, "
Tr-3-2 " " "
Tr-3-2 " " "
Tr-3-3 " " "
Tr-3-4 " n "
Tr-3-5 n n "
Tr-3-6 GYal~710-0255P Filament Transformer n
Tr-3-7 GYab-720-006SP Pulse Transformer "
Z=3=1 AR50-2-54-000 Filtering Cell "
bl Z-3-2 n " "
Z-3-5 " " "
133-1 0OYa2-066~012SP Line of Delay 0.4 rsec. "
Sh3-1 AR50-032-0125P Intra-eell disconnector n
Sh3-2  VNO364-Q064TU Plug R4BPK28EN1 n
Sh3-3 " Socket R32PK28EN1 #
R3-1 Relay RMUG RS4.523419D1 RSO4520P2TU "
R3-2 n "
R3-3 " "
R34 1RM-3-2 sb02 Coaxial Cahle Socket "
R3-5 " " "
- 277 -
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50X1-HUM
State National Ut of Blononte Basie

Pos, Standard, VIU, Data
Desig, Normal Drawing. Name and Type Rated No, Note (.
—1 2 n 5 &
B4.1l 0ZhO-U67-011TU Resistor, PEV-10-10 kOhm?104 10 kOhm 1
" Rbe2  0Zh0-467-003TU W MLT-2-39 kOhm-P-V 39 kOhm 1

RL4-3  0ZhO-467-003TU " MIT-1-39 kOhm-P-V 39 kOhm 1

Rh-l  0ZhO-4£7-003TU n MLT-1-390 kOhm-P-V 390 kOhm 1

R&4-5  0ZhO-467-003TU " MLT=1-390 kOhm~P-V 390 kOhm 1

R4-6 BP4-675-001SP n PT-1-91 kOhmsl%lw 91 kOhm 1

RU4-7  BPY-675-001SP n PT-1-68 kOhm31% 1w 68 kOhm 1
"R 4-8  NRKh4-£85-018SP " PPZ~11-10 kOhm$10% 10 kOhm 1

R 4.9  BP4-675-001SP " PT-1-56 kOhm¥l% 1w 56 kOhm 1

« B H4-10 0Zh0-467-003TU0 " MLT-510 kOhm-P-B 510 kOhm 1

R 4.11 0Zh0-467-003TU " MLT-1-39 kOhm-P-B 39 kOhm 1

R 4_12 0ZhO-4A7-003TU " MLT-1-390 kOhm-P-B 390 kOhm 1

R 4-13 BP4-675-001SP " PT-1-100 kOhm$l% 1w 100 kOhm 1

R 414 BP4-675-0015p " PT-1-68 kOhml® 1w 68 kOhm 1

R 4-15 NG4-685-0185P " PP3-11-10 kohmfl04 10 KOhm 1

R 416 BP4-£75-001SP " PT-1-82 kOhm%l% 1w 82 kOhr 1

R 4-17 0Zho-467-0117U " PEV-10-10 kOhmt104 10 kOhm 1

R 4-18 0Zh0-467-003TU " MIT-1-39 kOhm-P-B 39 kOhm 1
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50X1-HUM
List of Elements
State National Basic
Pos, Standard, VIU, Data
Desig, Normal Drawing Name and Type Rated  No, Nete i+,
1 2 3 b 5 6 __
R 4,19 0ZhO-467-003TU Resistor, MLT-2-390 kOhm-V-Ya 390 kOhm 1
B 420 0Zh0o-675-001SP  * PT-1-130 kOhm=1% 1w 130 kOhm 1
R 4-21 NGA-685-018SP " GN3+11-10 kOhm=1% 1w 10 kChm 1
R 4.22 BP4-675-001SP " PT-1-91 kOhm=1% 1w 91 kOhm 1
R 4.23 0Zh0-467-003TU " MLT+2-39 kOhm-P-B 39 kOhm 1
R L.24 0Zh0-467-003TU " n " 39 kOhm 1
R L«@5 0ZhO-467-003TU  ® MLT-1-39 kOhm-PB 39 kChm 1
R 426 0Zh0O-467-003TU " MLT-1-390 kOhm-P<-B 390 kOhm 1
R 427 0ZhO-467-003TU ™ » " 390 kOhm 1
R 4.28 BP4-675-001SP " PT-1-30 kOhm=14 1w 30 kOhm 1
R 4.29 BP4-£75-001SP " Pr-1-75 kOhm=1% lw 75 kOhm 1
R 4.30 BP4-£75-018SP " PP3-11-10 kOhm=1% 10 kChin 1
R 4-31 BP4-675-001SP " PT-1-35 kOhm=1% 1w 35 kChm 1
R 4.32 0Zho-4(7-003TU MLT-2-3.3 kOhm-I-B 3.3 kOhm 1
B 4.33 0Zh0-467-003TU " MLT-1-510 kOhm-P-B 510 kOhm 1
E 4.34 0Zho-467-003T0 " MLT-1-100 kOhm-P-B 100 kOhm 1
R 433 " " MLT-1-910 kOhm-P-B 910 kOhm 1
Rf 436 " " MLT-2~39 kChm-P-B 39 kOhm 1
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- -
. List of Elements
State National Basic
Pos, Standard, VTU, Data
Desig, Normal Drawing Name and Type Rated No, llote  CUh,
1 2 3 ] 5 6. T

Chal 0Zh0-462-022TU Capecitor, MBTP-2-600-2-IT 2 ff X

Ch2 n n MBOP=2 400-0.25-I1 0.25 ’(‘ i

Cl-3 " " MBOP-2-400-1(50)-IT 1 )i‘ Al

Clety n " MRGP-2-400-2,25-IT 1 ’f Z

Clh.g n " MBGP~2-400-1-{50)-I1 lff 1

b " " MBGP-2-400-2-11 2 ff 1

Cha? " " MBGP-2.400-0,25-IT 0,25 Pf 1

Ch-8 " " MBGP-2-400-1(50)-I1 1 po1

Chag " " MBGP-2-600-2-1IT 2 F 1
- C4-10 " n MBGP-2-400<0,25~II 0,25 F? 1

Chell 0ZhO-462-011TUD " BGM-2-400-0,01-II 0.01 ,nf 1

C4-12  0ZhO-462-022TU0 n MBTP=2-200~1-II 1 F 1

Ch-13 0ZhO-462-011TU " BTN-2-400-0.01-II 0,01 F 1

PR4-1 State National Puse PK-30-2a 1

Standard 5010-53

PR4-2 " " PK-30-0,15a 1

PRY-3 n n u ‘ 1

PRLF-LP n " n 1

PR’-I—-5 L i} n 1
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50X1-HUM
- | _
List of Flements R -
State National Basic
Pos, Standard, VIU, Data
Desig, Normal Drawing Name and Type Rated No, Note Cr.
1 2 3 b e € o

41  ChTU-01-107-55 Tube 6ZhaP 2

4-2  ChTU=0L-106-35 Tube 6ZpSP 1

I4=3  ChTU-01-107-55 Tube 6ZhlP 1

44  ChTU-01-107-55 Tube 6ZhéP 1

14-5  ChTU=01-106-55 Tube €Zh6P 1

I4-6  ChTU-01-107-55 Tube £ZhEP 1

h-7 " " 3

14-8 n " 1

14-9  ChTU=01-10655 Tube &Zh2P 1
< I4-10 ChTU-01-701-54 Tube S5G3S 1

D41 10-354-2006TU Plug R32PK935h2 3

Dhk-1  TR3215-108VrTU Germanium Diode D7-Zh 1

D -2 " " z

D4 -3 " " x

Dl -4 " "

Db -5 " "

D46 u " d

DY -7 " "

Dl =8 " " 1

Dh -9 " ]
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oEUNNT

50X1-HUM
v
1ist of Elements
State National gz::c
Pos. Standard, VIU ‘
Dgzig. Normal Drawigg. Name and Type Rated! No. Nete Ch.
1 2 3 N 5 € 7
Di-10 Tr3215-108VrTU Germanium Diode D?7-Zh %
D411 n " 1
m_lz f " 1
m_13 n n 1
Di-1l " n 1
D’-#-lﬁ n n 1
Dy-16 n "
m_]_? n n 1
D‘Jf-lB o " }
] " H
%&::%2 n " 1
DL"-Zl n n :
D22 n " ;‘
D23 " " g_
L2k " " H
D425 " n 1
m_26 4] n 1
Du, _2? un n i
o D28 L] ] 1
- D429 " L 3
Dh-30 " " 1
D431 " " i
D4-32 " u :
D433 " " 1
DL,,_BQ, " L] -
Dh-35 " " z
D4-36 " " b
TRL-1  G347140160SP Transformer 1
TRh-2  G34714000SP " i
50X1-HUM
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